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PEEFACE. 


In  the  following  pages  it  has  been  my  endeavour  to  present 
a  faithfdl  reflex  of  the  present  state  of  Electrical  Science. 
The  work  being  specially  intended  for  the  use  of  students, 
much  condensation  was  necessary  in  order  to  bring  it 
within  the  limits  of  a  moderate  sized  volume.  It  wiU,  never- 
theless, I  hope,  be  found  to  include  the  latest  important  dis- 
coveries, and  the  chief  practical  applications  of  the  science. 

k  In  carrying  out  the  design  of  the  book,  I  have  availed 
myself  freely  both  of  the  matter  (in  a  condensed  form),  and 

^  of  the  illustrations,  of  my  *  Manual  of  Electricity,'  but  the 
present  volume  will  be  found  to  contain  much  additional 
and  important  information,  whicli  has  become  available 
since  the  publication  of  that  work.  In  the  composition  of 
the  chapters  on  Electric  Telegraphy,  I  desire  to  acknow- 
ledge, with  thanks,  the  assistance  which  I  have  received 
from  the  valuable  *  Cantor  Lectures,'  delivered  at  the 
Society  of  Arts,  in  the  spring  of  the  present  year,  by  that 
eminent  electrical  engineer,  Mr.  Fleeming  Jenkin,  F.R.S. 
I  am  indebted  to  the  same  gentleman  for  the  elaborate  de- 
scription of  that  beautiM  electrical  instrument  invented  by 
Professor  WiUiam  Thomson,  F.R.S.,  viz.  his  Portable  Elec- 
trometer. The  report  of  the  joint  committee  '  On  the  Con- 
struction of  Submarine  Telegraph  Cables,'  has  supplied  me 
with  mucb  information,  that  part  detailing  the  investiga- 
tions of  Mr.  Latimer  Clark  having  been  especially  valuable. 
My  thanks  are  also  due  to  my  friend  Mr.  Gassiot,  F.R.S., 
who,  with  his  well-known  courtesy  and  kindness,   has 
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allowed  me  access  to  his  Electrical  Laboratoiy,  and  has 
given  me  an  opportunity  of  witnessing  there  those  mar- 
vellous phenomena  connected  with  electrical  discharge 
through  different  vacua,  to  the  development  of  which  he 
has  devoted  so  many  years  of  laborious  research.  It  is 
almost  needless  to  say  that  throughout  the  whole  work 
Faraday's  *  Experimental  Researches  '  have  been  constantly 
.consulted. 


Medical  School  of  St.  Oeoboe's  Hospital  : 
September  1866. 


NOTE  ON  THE  ATLANTIC  TELEGRAPH. 

Since  the  last  sheets  of  this  work  passed  through  the 
press,  not  only  has  the  laying  of  a  new  Atlantic  Cable  been 
successfully  accomplished,  but  the  cable  which  was  lost  last 
year  (see  p.  428)  has  been  recovered  and  landed  at  Heart's 
Content,  Newfoundland,  not  only  uninjured,  but  as  to 
*  conductivity,'  actually  imrproved  by  its  twelvemonths'  sub- 
mersion, a  fact  of  the  highest  importance  for  submarine 
telegraphy.  The  recovery  of  this  cable  is  a  great  engineer- 
ing feat,  and  reflects  the  highest  credit  on  the  accomplished 
engineers  who  superintended  it.  The  cable  of  this  year  is 
protected  by  iron  wires  slightly  galvanised,  and  surrounded 
by  Manilla  hemp.  In  strength  it  exceeds  the  cable  of  1865, 
its  breaking  strain  being  8  tons  2  cwts.,  that  of  last  year's 
cable  being  7  tons  15  cwts.  It  was  manufactured  without 
a  single  fault,  and  it  was  laid  without  a  single  hitch.  Since 
its  submersion  its  'conductivity'  and  ' insulation'  have  im- 
proved to  an  extent  that  was  never  expected,  and  messages 
have  been  sent  through  it  at  the  rate  of  14  words  per 
minute  without  a  single  case  of  a  signal  having  to  be  re- 
peated. 
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PART  I, 

FEICTIONAL  ELECTEICITY. 

CHAPTEK  I. 

Fundamental  Phenomena — Condactors  and  Insulators — Opposite 
Electricities — Electroscopic  Apparatus— Law  of  Electrical  Attrac* 
tion  and  Repulsion. 

(i)  randamental  Phenomena. —  Vitreous  substances^  such 
as  glass,  become  electrical  by  being  rubbed  with  certain  other 
substances;  in  this  state  they  attract  light  bodies.  Resinous 
substances,  such  as  sealing  wax  and  gutta-percha,  become  also 
electrical  when  rubbed  with  certain  other  substances  \  in  this  state 
they  also  attract  light  substances. 

Bodies  which  have  been  once  attracted,  either  by  excited  glass 
7j^  or  excited  resin,  will  not  be  attracted  by  the  same  substances 
again,  until  they  have  touched  some  body  in  conducting  commu- 
nication with  the  earth,  but  will  be  repelled. 

A  body  which,  having  been  attracted  by  an  excited  vitreous 
substance,  is  then  repelled  by  it,  is  attracted  by  an  excited  r^^mou^ 
substance ;  so  also  a  body  which  is  repelled  by  an  excited  resinous 
substance  is  attracted  by  an  excited  vitreous  substance. 

Bodies  charged  with  the  same  kind  of  electricity  repel  each 
other,  and  bodies  charged  with  opposite  kinds  of  electricity  attract 
each  other. 

Some  substances  (ebonite,  silk,  gutta-percha,  glass)  possess 
within  certain  limits  the  power  of  insulation ;  that  is,  they  pre- 
vent the  escape  of  electricity  through  them  to  the  earth. 
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2  FRICTIOXAL  ELECTRICITY. 

Other  Bubstances  (metals  especially)  have  no  such  power.  But 
no  substance  is  an  absolute  insulator  or  non-conductor ;  neither  is 
there  any  substance  which  can  be  called  a  perfect  conductor  of 
electricity. 

For  illustrating  the  primar}'  phenomena  of  electricity  the  only  materials 
required  are  a  tube  of  stoat  glass  1 8  or  20  inches  long,  and  about  an  inch 
in  diameter;  a  stick  of  common  sealing  wax;  or,  stiU 
better,  an  ebonite  pocket  comb  and  a  pair  of  pith-balls 
suspended  from  a  convenient  support  by  silk  threads. 
The  glass  tube,  dry  and  warm,  should  be  rubbed 
briskly  for  a  few  seconds  with  a  dry  warm  silk  hand- 
kerchief; it  will  be  then  found  to  have  acquired  the 
properties  of  attracting,«and  then  repelling  the  pith- 
bolls.  The  wax  may  be  excited  by  rubbing  it  with 
a  piece  of  dry  warm  flanneL 

For  exhibiting  the  phenomena  of  attraction  and  re- 
pulsion at  a  considerable  distance^  a  long  stick  bal- 
anced on  a  small  glol)e  of  glass,  placed  on  a  con- 
venient support,  will  be  found  very  useful.  A  pair  of 
pith -balls  suspended  by  thin  metallic  wires  or  black 
cotton  threads  should  also  be  provided,  to  show  the  impossibility  of  giving 
a  permanent  electrical  charge  to  the  pith-balls  when  unimulaied. 

The  mutual  attraction  of  oppositely  electrified  bodies,  and  the  mutual 
repulsion  of  bodies  similarly  electrified,  are  well  illustrated  by  suspending 
from  silk  threads  two  excited  sticks  of  wax  and  two  excited  tubes  of 
glass.  On  bringing  them  near  each  other,  the  wax  will  repel  the  wax  and 
the  glass  will  repel  the  glass,  but  a  glass  rod  and  a  wax  rod  will  manifest 
a  strong  mutual  attraction. 

(2)  Conduotoni  and  Itumlatonk — In  the  following  list  the 
bodies  are  arranged  in  their  order  of  conducting  power^  according 
to  the  present  state  of  knowledge  on  the  subject ;  and  though 
probably  not  absolutely  correct^  it  will  serve  to  show  how  in- 
sensibly conductors  and  non-conductors  merge  into  each  other. 
Faraday  thinks  that  conduction  and  insulation  are  only  extreme 
degrees  of  one  conmion  condition ;  that  they  are  the  same  in 
principle  and  in  action,  except  that  in  conduction  an  effect  common 
to  both  is  raised  to  the  highest  degree,  whereas  in  insulation  it 
occurs  in  the  best  cases  only  in  an  almost  insensible  quantity : — 

All  the  metals  Lime 

Well-burnt  charcoal  Dry  chalk 

Plumbago  Native  carbonate  of  baryta 

Concentrated  adds  Lycopodium 

Powdered  charcoal  Caoutchouc 

Dilute  acids  Camphor 

Saline  solutions  Siliceous  and  argillaceous  stones 

Metallic  ores  Dry  marble 

Animal  fluids  Porcelain 
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Sea  water  Dry  vegetables 

Spring  water  Baked  wood 

Bain  water  Leather 

Ice  above  13°  F.  Parchment 

Snow  Dry  paper 

Living  vegetables  Hair 

Living  animals  Wool 

Flame  smoke  Dried  silk 

Steam  Bleached  silk 

Salts  soluble  in  water  Raw  silk 

Rarefied  air  Transparent  gems 

Yi^pour  of  alcohol  Diamond 

Vapour  of  ether  Mica 

Moist  earth  and  stones  AU  vitrifications 

Powdered  glass  Glass 

Flowers  of  sulphur  Jet 

Dry  metallic  oxides  Wax 

Oils,  the  heaviest  the  best  Sulphur 

Ashes  of  vegetables  Resins 

Ashes  of  animal  substance  Amber 

Many  transparent  cr}'stals  Gutta-percha 

Dry  ice  below  i^^  F.  Shell  lac 

Phosphorus  Ebonite 

(3)  Opposite  Blee«rleitles.-r-We  have  seen  that  excited  rean 
and  excited  glass,  though  they  both  attract  light  substances^ 
eidiibit  each  a  different  kind  of  farce.  Hence  the  term  resinotis 
electricity  as  applied  to  the  former^  and  vitreous  electricity  as 
applied  to  the  latter.  These  terms  are,  however,  objectionable, 
implying,  as  they  do,  that  when  vitreous  bodies  are  excited  they 
are  always  electrified  with  one  species  of  electricity,  and  that 
when  resinous  bodies  are  excited  they  are  always  electrified  with 
the  other.    But  this  is  by  no  means  the  case ;  for  example — 

1.  When  a  glass  rod  is  rubbed  with  a  woollen  cloth,  it  repels  a  pith-ball 
which  it  had  once  attracted ;  but  if  the  cloth  be  presented,  it  will  be  found 
to  attraci  the  excited  ball  We  hence  conclude  that  as  the  glass  was  vitreousfy 
electrified  the  woollen  cloth  must  be  rennoualy  electrified. 

2.  When  a  stick  of  sealing  wax  is  rubbed  with  a  woollen  cloth,  it  repels  a 
pith-ball  which  it  had  once  attractei ;  but  if  the  cloth  be  presented,  it  will 
be  found  to  attract  the  excited  ball.  Hence,  by  a  similar  reasoning,  we  are 
led  to  the  inference  that  the  cloth  is  viireously  electrified. 

3.  When  a  piece  of  polished  glass  is  rubbed  first  with  a  woollen  cloth,  and 
then  with  the  fur  of  a  cat,  and  examined  after  each  excitation  by  a  pith-ball» 
it  is  found  in  the  first  case  vitreous  and  in  the  second  resinous,  A  woollen 
cloth  and  a  piece  of  glass  may  thus  be  made  to  exhibit  both  kinds  of  elec«* 
tricity. 

The  terms  vitreous  and  resinous  do  not;  therefore,  convey  to  the 
mind  a  proper  impression  of  the  nature  of  the  two  forces.    The 


Digitized  by 


Google 


4  FKICTIONAL  ELECTRICITT. 

terms  positive  and  negative  are  less  open  to  objection^  although 
they  take  their  origin  in  a  theory  of  electricity  which  is  not  now 
recognised  as  compatible  with  observed  phenomena.  Positive 
electricity,  then,  is  that  which  is  produced  upon  polished  glass 
when  rubbed  with  a  woollen  or  silk  cloth ;  and  negative  electricity 
is  that  which  is  produced  upon  a  stick  of  sealing  wax  when 
rubbed.  , 

(4)  One  kind  of  BleotHottj  cannot  be  prodnoed  witbont 
the  otber— 

1.  If  two  persons  stand  on  two  stools  with  glass  legs,  and  one  strike  the 
other  two  or  ^hree  times  with  a  well -dried  cat's  fkr,  he  that  strikes  will  have 
his  body  charged  positive^,  and  he  that  is  struck  will  be  electrized  negaHvefy. 

2.  If  on  a  dry  day  a  person  stand  on  a  stool  with  dry  glsM  legs  and 
connect  himself  electrically  with  a  gold-leaf  electroscope  (Fig.  4),  and  if 
then  one  standing  on  the  floor  draw  a  comb  rapidly  through  the  hair  of  the 
other,  the  gold  leaves  will  diverge  with  poniive  electricity.  If  the  person 
using  the  comb  stand  on  the  insulating  stool,  the  leaves  of  the  electroscope 
will  as  he  combs  diverge  with  negative  electricity. 

(5)  aieotrosooptc  Apparatus. — ^Instruments  for  indicating  the 
presence  and  kind  of  electricity  are  called  electroscopes ;  those  by 
which  the  electricity  is  under  various  conditions  measured  are 
called  electrometers. 

The  electroscope  of  Gilbert  and  Hatty  consisted  of  a  light  metallic 
needle,  terminated  at  each  end  by  a  light  pith-ball  covered  with  gold  leaf, 
and  supported  horizontally  by  a  cap  at  its  centre  on  a  fine  point ;  the 
attractive  or  repulsive  action  of  any  electrified  body  presented  to  one  of  the 
balls  being  indicated  by  the  movements  of  the  needle. 

A  useful  modification  of  this  electroscope  is  shown  in  Fig.  2.  It  consists 
of  a  short  bent  brass  wire  a  b  o,  to  either  end  of  which  is  fixed  a  reed,  so 

as   to   form   arms 
D  A  c  B         of  unequal  length. 

Gl 1  1 1  -^V.^..^— ^"f  „i  i,-g     The    longer    arm 

j  carries  at  its  ex- 

tremity a  disc  of 
gilt  paper  d,  about 
half  an  inch  in 
diameter  and  the 
shorter  arm  a  small 
metallic  ball,  e. 
The  whole  is  bal- 
anced on  a  finely 

pointed  wire,  supported  on  a  rod  of  varnished  glass.  The  arms  are 
elongated  or  contracted,  and  the  balance  thus  adjusted,  by  sliding  the 
reeds  upon  the  wire.  The  disc  d  is  electrified  either  positively  or  ne- 
gatively, and  the  body  the  nature  of  the  electricity  of  which  is  to  be 
examined  is  presented  to  it.  If  we  desire  merely  to  detect  the  presence  of 
electricity  by  its '  attractive  force,  we  uninsulate  the  needle  by  hanging  a 
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metallic  wire  from  the  pointed  rod  of  support,  and  then  present  the  excited 
substance  to  the  disc 

Another  useiiil  form  of  electroscope  is  shown  in  Fig.  3.  The  gilt  disc  is 
attached  to  a  slender  stick  of  shell  lac,  which  is  suspended  from  a  wooden 
frame  by  a  fine  silk.  A  charge  of  electricity  commaoicatad-to^  the  disc 
will  be  retained  for  a  long  time  even  under  unfavourable  circumstances ; 
this  simple  instrument  is  well  adapted,  therefore,  for  the  lecture-room. 


rig.  3. 


Fig.  4. 


Singer's  modification  of  Bennett's  gold-leaf  electroscope  is  shown  in  Fig.  4. 
Two  slips  of  gold  leaf  are  attached  to  a  brass  wire  firmly  secured  in  the  centre 
of  a  varnished  glass  tube  by  a  band  of  gutta  percba.  The  glass  tube  is  fixed 
in  the  cap  ofa  glass  jar,  and  to  the  upper  end  of  the  wire  a  brass  cap  a  is 
screwed.  The  mode  of  manipulation  with  this  instrument  will  be  described 
in  the  next  chapter. 

Fig.  5  represents  Sir  William  Snow  Harris's  electroscope.  A  small  elliptical 
ring  of  metal,  a,  is  attached  obliquely  to  a  small  brass  rod  by  means  of  a 
short  tube  of  brass ;  the  rod  terminates  in  a  brass  ball  b,  and  is  insulated 
through  the  substance  of  the  wood  ball,  n.  Two  arms  of  brass  r  r  are  fixed 
Vertically  in  opposite  directions  on  the  extremities  of  the  long  diameter  of 
the  ring,  and  terminate  in  small  balls ;  and  in  the  direction  of  the  shorter 
diameter  within  the  ring  there  is  a  delicate  axis  set  on  extremely  fine 
points :  this  axis  carries  by  means  of  short  vertical  pins  two  light  reeds  of 
straw  s  «,  terminating  in  balls  of  pith,  and  constituting  a  long  index  cor- 
responding in  length  to  the  fixed  balls  above  mentioned.  The  index  thus 
circumstanced  is  susceptible  of  an  extremely  minute  force ;  its  tendency  to 
a  vertical  position  is  regulated  by  sniall  sUders  of  straw,  moveable  with 
sufiicient  friction  on  either  side  of  the  axis. 

To  mark  the  angular  position  of  the  index  in  any  g^ven  case,  there  is  a 
narrow  graduated  ring  of  card-board  or  ivory  placed  behind  it.  The 
graduated  circle  is  supported  on  a  transverse  rod  of  glass  by  the  intervention 
of  wooden  caps,  and  is  sustained  by  means  of  the  brass  tube  <4  in  which  the 
glass  rod  is  fixed.  The  whole  is  insulated  on  a  long  rod  of  varnished  glass 
A,  by  means  of  wood  caps  terminating  in  spherical  ends.   In  this  arrange* 
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ment,  as  is  evident,  the  index  diverges  fh>m  the  fixed  arms  whenever  an 
electrical  charge  is  communicated  to  the  ball  6,  as  shown  in  the  lower  figure. 
The  instniment  is  occasionally  placed  out  of  the  vertical  position  at  any 
required  angle  by  means  of  a  Joint  at  m,  and  all  the  insulating  portions  are 
careAilly  varnished  with  a  solution  of  shell  lac  in  alcohol. 
•  This  instrument  is,  to  a  certain  extent,  an  electrometer,  as  well  as  an  elec- 
troscope ;  but 
its  applications 
as  a  measurer 
of  electricity 
are,  as  Harris 
observes,  very 
limited ;  for 
although  the  a- 
mount  of  diver- 
gence does  in- 
crease with  the 
quantity  of  elec- 
tricity in  opera- 
tion, we  are  not 
able  to  ascertain 
the  ratio  of  in- 
crease because 
of  the  diminish- 
ing force  of  re- 
pulsion as  the 
divergence  in- 
creases. 


Fig.  6. 


4   o 


The  torsion  balance  electrometer  of  Coulomb  is  shown  in  Fig.  6,  A  b  c  T> 
is  a  glass  cylinder,  which  is  covered  with  a  plate  of  glass,  A  b.  This  plate  is 
J>erforated  with  two  holes  e  and  a,  the  former  being  intended  to  receive  a 
tube  of  glass  e  g,  two  feet  high,  carrying  on  its  upper  end  a  torsion  micro- 
meter, consisting  of  a  graduated  circle  mn,  an  index  m,  and  a  pair  of  pincers 
opened  and  shut  by  a  ring,  for  holding  a  slender  silver  or  glass  wire  a  h, 
whose  lower  end  h  is  also  grasped  by  a  similar  pair  of  pincers  made  of 
copper,  and  about  a  line  in  diameter.     Through  a  hole  in  these  copper 
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pincera  there  pasdes  a  horizontal  needle  e  d.  This  needle  consists  of  a  silk 
thread  or  a  straw  covered  with  sealing  wax ;  at  the  end  of  it,  at  d,  about 
eighteen  lines  long,  is  a  cylinder  of  gum  lac.  It  is  terminated  at  c  by  a 
ball  of  pith  of  elder,  about  two  or  three  lines  in  diameter,  and  at  d  by  a 
vertical  vane  of  paper  covered  with  turpentine.  A  circular  band  of  paper, 
B  F,  divided  into  860^,  is  pasted  round  the  cylinder,  on  a  level  with  the 
needle,  and  at  the  hole  a  there  is  introduced  a  small  cylinder  a,  6,  the  lower 
end  of  which,  made  of  gum  lac,  carries  another  ball  b  of  elder  pith.  The 
instrument  is  adjusted,  when  a  line  passing  through  the  course  of  the  silver 
wire  o  R  at  p,  passes  also  through  the  curves  of  the  balls  b  and  c,  and 
points  to  the  curves  of  the  graduated  circle  b  f. 

In  this  instrument  the  force  of  electrical  repulsion  is  balanced  against  the 
reactive  force  of  the  glass  or  silver  thread,  which  is  twisted  more  or  less 
from  its  quiescent  position.  In  using  it  a  charge  is  communicated  to  the 
ball  6,  which  is  then  brought  into  contact  with  the  ball  e;  mutual  repulsion 
takes  place  (Fig.  i),  and  the  needle  ed  in  turned  through  a  certain  arc  By 
turning,  however,  the  micrometer  button  in  the  direction  n  p,  the  wire  g  h 
is  twisted  and  caused  to  return  to  its  first  position,  and  point  to  the  zero  of 
the  scale ;  this  being  done,  it  is  evident  that  the  force  of  torsion  has  been 
made  to  balance  the  repulsive  force  of  the  two  balls  e,  e,  and  that  by  com* 
paring  the  force  of  torsion  which  balances  the  repulsive  force  at  different 
distances  of  the  balls,  measures  of  the  repulsive  forces  at  these  distances 
may  be  obtained. 

.  In  applying  this  instrument  to  the  determination  of  the  law  of  attractive 
force  between  two  oppositely  electrified  bodies,  a  slight  modification  is 
requisite  in  order  to  prevent  the  balls  from  rushing  into  contact,  in  con- 
sequence of  the  attractive  force  increasing  in  a  greater  ratio  than  the  force 
of  torsion.  This  difficulty  is  provided  against  by  extending  a  thread  of 
fine  silk  vertically  between  the  top  and  bottom  of  the  case,  having  its  ends 
attached  to  them  by  wax,  and  allowing  the  fixed  ball  to  remain  in  contact 
with  it  at  the  commencement  of  the  experiment.  When  the  two  discs  are 
oppositely  electrified,  the  movable  disc  is  forced  from  the  fixcA  disc  by 
turning  the  micrometer  in  a  direction  contrary  to  that  in  which  it  was  moved 
in  the  former  experiments. 

Faraday  employed  Coulomb's  balance  electrometer  in  his  researches  on 
induction ;  he  thinks  that,  though  it  requires  experience  to  be  understood, 
it  is  a  very  valuable  instrument  in  the  hands  of  those  who  will  take  pains 
by  practice  and  attention  to  learn  the  precautions  needful  in  its  use. 

(6)  &aw  of  meetrieal  Attraetlon  and  Kepvlsion. — Two 

spheres  charged  with  similar  electricities  repel  each  other  with  a 
force  inversely  proportional  to  the  squares  of  the  distances  between 
their  centres. 

This  law  waa^stablished  by  Coulomb  with  his  torsion  electrometer.  The 
following  was  one  of  his  experiments:— Anelectrical  charge  was  com- 
municated to  b,  which  was  then  brought  into  contact  with  c ;  the  latter  was 
repelled,  and  finally  took  up  a  position  at  an  angle  of  36^  from  b.  The 
wire  OH  bad  therefore  become  twisted  through  an  angle  of  36^.  The 
micrometer  button  was  now  turned,  till  the  distance  between  the  balls  was 
diminished  to  18°;  but  to  do  this,  the  index  m  required  to  be  moved  over 
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126°  of  the  graduated  circle  mw.  Now,  116°  added  to  i8<*  (the  former 
torsion )s  144^.  The  reactive  force  of  torsion  at  36^  and  18^  is,  therefore, 
36  and  144,  or,  in  other  words,  when  the  distance  is  diminished  one  half  the 
force  had  increased  ^tcr  times. 

The  law  for  attraction  is  the  same;  the  energy  of  the  attractive 
force  being  diminished  in  the  same  proportion  as  the  square  of  the 
distance  between  the  electrified  bodies  is  increased. 

The  truth  of  Coulomb's  law  has  been  confirmed  by  Sir  "William 
Snow  Harris^  to  whom  electrical  science  is  indebted  for  many 
beautiful  discoveries  and  important  practical  applications.  Sir 
William's  experiments  on  electrical  attraction  led  him  to  the 
following  results : — 

1.  That  the  forces  between  two  spheres  will  be  inversely  as  the  distances 
between  their  nearest  points  multiplied  into  the  distance  between  their 
centres : 

2.  That  two  spheres  at  the  distances  of  1*2,  2 '5,  2'8,  and  3*0  inches  exert 
the  same  force  as  two  circular  plates  at  the  distances  of  0*664,  ^  *ii7*  '  *49^ 
and  1.732  inches  respectively  : 

3.  That  the  attractive  force  of  two  opposed  conductors  is  not  influenced  by 
the  form  or  disposition  of  the  unopposed  portions.  The  attractive  force,  for 
example,  is  the  same,  whether  the  opposed  bodies  are  mere  circular  planes 
or  planes  backed  by  hemispheres  or  cones.  Two  hemispheres  also  attract 
each  other  with  the  same  force  as  the  spheres  of  which  they  are  hemispheres : 

4.  The  force  between  two  opposed  bodies  is  directly  as  the  number  of 
attracting  points,  the  distance  being  the  same.  Thus  two  circular  planes  of 
unequal  diameter  do  not  attract  each  other  with  a  greater  force  than  that  of 
two  similar  areas  each  equal  to  the  lesser.  In  like  manner,  the  attractive 
force  bet#een  a  ring  and  a  circular  area  of  the  same  diameter  is  equal  to  that 
«xerted  between  two  similar  rings,  each  equal  to  the  former : 

5.  The  attractive  force  between  a  spherical  segment  and  an  opposed  plane 
of  the  same  curvature  is  equal  to  that  of  two  similar  segments  on  each  other. 

For  the  measurement  of  small  forces  of  repulsion,  Harris  em- 
ployed a  new  arrangement  of  the  balance  of  torsion,  which,  from 
the  peculiar  mechanical  principle  on  which  it  depends,  he  calls  the 
*  Bifiliar  Balance.'     (PM,  Trans.  1836.) 

The  reactive  force  in  this  instrument  is  not  derived  from  any 
principle  of  elasticity,  as  in  Coulomb's,  but  is  altogether  dependent 
on  gravity.  It  is  obtained  by  means  of  a  lever  at  the  extremity 
of  two  parallel  and  vertical  threads  of  unspun  silk,  suspended 
within  a  quarter  of  an  inch  of  each  other  from  a  fixed  point.  The 
threads  are  stretched  more  or  less  by  a  small  weight,  and  the 
repulsive  force  is  caused  to  operate  much  in  the  same  way  as  in 
Coulomb's  balance  of  torsion.  As  the  threads  tend  to  turn,  as  it 
were,  upon  each  other,  the  stretching  weight  becomes  raised  by  a 
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small  quantity,  and  thus  gravity  is  brought  to  react  against  the 
repulsive  force  in  operation.  The  delicacy  of  this  balance  is 
extremely  great^  and  is  said  to  render  sensible  a  force  of  TTj^^^Tfth 
part  of  a  grain. 

Sir  William's  experiments  on  the  relation  of  the  repulsive  force 
to  the  quantity  of  electricity  led  to  the  following  result : — 

1.  The  discs  being  charged  equally,  and  to  a  given  intensity,  the  forces 
vary  in  an  inverse  ratio  to  the  squares  of  the  reqtecHve  distances ;  when,  how- 
ever, the  quantity  on  one  of  the  discs  is  diminished,  that  is,  when  they  are 
charged  unequally,  this  law  is  only  apparent  up  to  a  certain  limit  :  some- 
times at  certain  distances  the  law  is  in  an  inverse  ratio  of  the  simple  distance, 
or  nearly  approaching  it  ;  and  at  other  distances  the  law  of  the  force  becomes 
irregular,  until  at  last  the  repulsion  vanishes  altogether,  and  is  superseded 
by  attraction,  being  apparently  disturbed  by  some  foreign  influence. 

2.  The  quantities  of  electricity  contained  in  either  of  the  repelling  bodies 
are  not  always  proportional  to  the  repulsive  forces^a  result  which,  although 
anomalous  and  unsatisfactory,  Harris  believes  to  be  in  accordance  with  the 
general  laws  of  electrical  action  :  the  force  of  induction,  for  example,  not 
being  confined  to  a  charged  and  neutral  body,  but  operating  more  or  less 
freely  between  bodies  similarly  charged,  it  is  evident  that  the  inductive 
process  between  bodies  similarly  charged  may  become  indefinitely  modified 
by  the  various  circumstances  of  quantity,  intensity,  distance,  &c.,  giving  rise 
to  apparently  complicated  phenomena. 

According  to  Coulomb^  the  relative  electrical  capacities  of  a 
solid  or  hollow  sphere  and  a  circular  plate  of  equal  area  are 
as  two  to  one;  and  in  expanding  a  globe  into  a  plane  circular 
area  of  the  same  superficial  extent  each  side  to  each  side  we 
double  its  capacity  by  giving  it  another  exterior  surface.  Twice 
the  quantity  of  electricity  may  therefore  now  be  placed  on  it 
under  the  same  intensity.  K  this  view  be  correct^  by  substituting 
for  the  circular  plate  a  second  sphere^  whose  exterior  surface  is 
equal  to  the  two  surfaces  of  the  plate^  the  result  would  be  the 
same  as  before  ;  but  Harris  fbiind 

That  the  electrical  reactions  after  the  respective  contacts  with  the  plate  and 
sphere,  the  areas  of  which  were  equal,  instead  of  being  as  two  to  one,  as  they 
should  have  been  according  to  Coulomb's  theory,  were  nearly  the  same ;  and 
hence  he  concludes  that  the  result  arrived  at  by  Coulomb's  method  of 
experiment  may  be  classed  with  those  cases  in  which  the  repulsive  force 
exercised  by  the  balance  is  not  proportionate  to  the  quantity  of  electricity. 

His  experiments  further  show — 

I.  That  the  capacity  of  a  sphere  is  the  same  as  that  of  a  circular  plane  of 
«qnal  area  into  which  it  may  be  supposed  to  be  expanded. 
-   2.  That  a  spherical  conductor  either  hollow  or  solid,  and  a  plate  of  equal 
area,  have  the  same  electrical  capacity. 

3.  That  the  quantity  of  electricity  taken  from  the  surface  of  a  charged 
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body  by  a  small  insulated  disc  of  considerable  thickness  may  be  greatly 
influenced  by  the  position  of  the  point  of  application,  independently  of  the 
quantity  of  electricity ;  so  that  the  same  quantity  may  possibly  exist  in  two 
different  points,  and  yet  the  proof  plaiie  become  charared  in  a  different  ratio, 
the  inductive  power  of  the  plate  being  different  in  these  points. 


CHAPTER  11. 

Induction  — The  Electrophorus — Specific    Inductive   Capacity — 
Distribution 'The  Condenser. 


(7)  Zniliience  of  Bzolted  Bodies  upon  Ventral  Condiiotliiir 
Bodies  at  a  Oletanoe. — ^We  have  seen  that  absolute  contact  be- 
tween two  bodies  is  not  necessary  for  the  development  of  electrical 
phenomena.  An  excited  rod  of  glass,  or  of  sealing  wax,  causes 
a  suspended  pith-ball  to  move  from  its  vertical  position  when 
presented  to  it,  and  while  at  some  distance ;  so  also  feathers  and 
other  light  substances  leap  towards  an  electrified,  body  brought 
into  their  vicinity. 

This  influence  of  electrified  bodies  on  bodies  at  a  distance 
is  called  electrical  indudionj  and  the  resulting  effect  induced 
electricity. 

There  is  scarcely  any  electric  phenomenon  in  which  inductive 
action  does  not  come  into  play.  *  All  charge/  says  Faraday  {Ex, 
Research,  series  xi.  p.  11 78),  'is  sustained  by  it.  All  phenomena 
of  intensity  include  it.  All  excitation  is  dependent  on  it.  It 
appears  to  be  the  essential  function  both  in  the  first  development 
and  the  consequent  phenomena  of  electricity.* 

I.  Let  dae  be  a  cylinder  of 
brass  supported  on  a  glass  stand, 
and  furnished  with  a  pith-ball  elec- 
troscope f.  Let  an  excited  glass 
tube  be  held  at  a  distance  of  about 
six  inches  from  d\  the  pith -balls 
will  be  seen  to  diverge,  indi- 
cating the  presence  of  free  electri- 
city. Remove  the  glass  rod,  and 
the  pith -balls  will  fall  together, 
showing  that  they  are  no  longer 
electrified.  Again  advance  the 
glass  tube,  the  balls  will  again  di- 
verge, and  again  collapse  on  with- 
drawing the  tube,  and  so  on. 
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2.  Let  A  be  an  insulated  cylindrical  conductor  five  or  nix  inches  long  and 
about  three  inches  in  diameter,  and  let  b  and  c  be  two  thin  metallic  discs,  each 
insulated  on  glass  rods,  and  of  such 

a  size  as  to  fit  accurately  the  ends  of '         b  Fig.  8. 

the  conductor,  so  that  when  in  their 
places  the  whole  system  may  repre- 
sent one  conducting  surface.  Now, 
having  given  a  large  metallic  ball  a 
charge  of  potttiw  electricity,  suspend 
it  from  a  silk  thread,  about  three 
inches  from  the  diso  e  and  in  a  right 
line  with  the  cylinder  a.  Next  re- 
move the  disc  e,  by  its  insulating 
stand,  and  examine  its  electrical  con- 
ditions, it  will  be  found  to  henegative ; 
remove  and  examine  b,  it  will  be 
found  to  bepoHHve, 

3.  Let  two  metallic  cylinders  &c,Je.snpportedupon  rods  of  varnished  gla^s, 
be  placed  within  an  inch  or  more  of  each  other  in  a  right  line ;  the  cylinder  t  c 


Fig.  9. 


L- 


Fig.  10. 


Q^- 


must  be  insulated,  but  the  end  e  of  the  cylinder  d  e  may  be  connected  with 
the  earth  by  a  metallic  wire;  let  feathers  or  light  pith-balls  be  suspended  by 
Unen  threads  fix>m  &,  c,  and  cf ;  on  bringing  an  ex- 
cited rod  of  glass,  or  wax  d  within  three  or  four 
inches  oi  be,  the  feather  or  ball  hanging  from  b  will 
be  attracted,  and  at  the  same  time  those  suspended 
from  e  and  d  will  rush  together. 

4.  Let  p  and  v  be  two  hemispheres  of  wood, 
covered  with  tinfoil,  mounted  on  rods  of  var- 
nished glass,  and  standing  on  wooden  feet,  so  that 
tiiey  may  be  placed  in  contact  with  each  other.  While 
thos  in  contact,  let  an  excited  rod  of  glass  be  brought 
near;  then  let  it  be  removed,  and  let  the  condition  of 
the  hemispheres  be  examined ;  neither  will  be  found 
to  have  received  any  electrical  charge.  Let  the  ex- 
periment be  varied  by  separating  the  two  hemi- 
spheres while  under  the  influence  of  the  excited  elec- 
tric ;  and  on  examining  them  it  will  be  found  that  they 
have  each  acquired  an  electrical  chaise — one  posUwe, 
and  the  other  negative. 

$.  Arrange  a  long  insulated  cylindrical  conductor,  with  one  extremity ; 
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about  a  quarter  of  an  inch  from  a  jet  from  which  a  gentle  stream  of  gas  is 
escaping ;  let  a  w ell-excited  glass  rod  be  suddenly  brought  near  the  other 
end,  the  gas  will  seldom  fail  to  become  inflamed.  While  the  excited  tube 
is  still  in  the  immediate  vicinity  of  the  conductor,  let  the  flame  be  extin« 
guished ;  then  let  the  excited  tube  be  suddenly  withdrawn,  and  the  gas  will 
generally  be  relnflamed. 

6.  Let  as'  he  two  insulated  metallic  spheres, and  a d an  insulated  metallic 
conductor;  suppose  •  to  be  strongly  charged  with  poritive,  and  s^  with 

Fig,  II,  negaUoe  electricity.      If 

,.  the  electrical  condition 

^*^        j-.jjn  ^.•;.  a*  of  a  a  be  examined,  it 

^Kjkk    i^^^^^nsl?*    ^BK       ^^^  ^  fovind  that  the 

^^^^ Vl^^^^^^^P"'^^^Ef '"    ^^^^  ^'^^  which  is  free 

^^■r      ^^^^^^^^^^     ^■jp/       fr^jm  electricity  is  the 
1^  I  Y  centre  o,  that  half  ex- 

III  tending   from   o   to  a 

n  I  A  ^^  electrified  negaiivdy^ 

B  11  H  and  that  half  extending 

JK  jr  y  iVom  o  to  a  pontively, 

.^Jl^^  .^nite^  Jr-i  'r**®  intensities  of  the 

^1^^^         ^^^^^         ^^^^^^     opposite  electricities  at 

the  extremities  will  be 
found  to  be  equal,  and  at  any  point  equally  distant  from  the  centre,  aa  pp, 
the  depths  of  the  electric  fluid  will  be  equal,  and  the  electric  state  of  each 
half  may  be  correctly  represented  by  the  ordinates  pm,pm'o£  two  branches 
of  a  curve  which  are  precisely  similar  and  equal. 

7.  Whilst  the  conductor  dac  (Fig.  7)  is  under  the  influence  of  the 
excited  glass,  and  the  pith.balls  divergent,  let  it  be  touched  with  the  ^nger ; 
the  pith-balls  will  instantly  collapse.  Let  the  finger  be  removed,  and  then  let 
the  glass  tube  be  suddenly  withdrawn,  the  pith-balls  will  again  open,  and 
will  remain  divergent.  On  examining  the  nature  .of  the  electricity  with 
which  they  are  charged,  it  will  be  found  to  be  negative. 

8.  Hold  an  excited  tube  of  glass  at  some  distance  above  the  cap  of  the 
gold-leaf  electroscope  (Fit;.  4),  the  leaves  will  open,  having  received  by 
induction  a  charge  of  poriHve  electricity ;  remove  the  tube  and  the  leaves  will 
collapse.  Again  advance  the  excited  glass,  and,  whilst  the  leaves  of  the 
electroscope  are  open,  touch  the  cap  of  the  instrument  with  the  finger,  and 
then  quickly  withdraw  the  glass  tube ;  the  gold  leaves  will  now  be  found 
charged  with  negative  electricity.  Conversely,  if  an  excited  stick  of  wax 
be  used  instead  of  the  tube  of  glass,  and  the  same  manipulations  performed^ 
the  leaves  will  be  found  to  be  charged  with  pontive  electricity,  which  charge^ 
if  the  instrument  be  dry  and  warm,  may  be  maintained  for  several  hours. 

From  these  experiments  we  learn — 

1.  That  the  electrical  disturbance  of  a  neutral  conductor  by  the  proxi> 
mity  of  an  electrified  body  is  of  a  temporary  nature  only,  all  signs  of 
excitement  disappearing  immediately  the  electrified  or  inducing  body  is 
removed. 

2.  That  this  electrical  disturbance  consists  in  the  temporary  decomposition 
of  the  natural  electricity  of  the  conductor  in  such  a  manner  that  the 
electricity  of  the  contrary  name  to  that  of  the  inducing  body  is  dn^wn 
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towards  that  end  of  the  condactor  nearest  the  inducing  body ;  while  the 
electricity  of  the  same  name  is  driven  to  the  opposite  end. 

3.  That  by  making  the  conductor  of  two  or  more  parts  each  insulated  and 
moveable,  the  opposite  electric  ties  thus  accumulated  on  the  ends  of  the 
conductor  may  by  management  be  retained  after  the  removal  of  the  inducing 
body. 

(8)  The  Bleetroptaoms.—  This  very  useful  instrument  is 
founded  on  the  principles  of  induction.  It  consists  of  three  parts — '■ 
I.  A  cake  of 'resinous  matter,  composed  of  shell  lac,  Venice  tur- 
pentine, and  resin ;  2.  A  conducting  plate  or  sole,  which  is  merely 
a  metallic  dish  into  which  the  melted  resinous  composition  is 
poured;  3.  A  cover  of  metal,  or  of  wood  covered  with  tinfoil, 
provided  with  a  varnished  glass  handle.  Fig.  12  represents  a 
modification  of  the  instrument  by  Mr.  Phillips,  a  strip  of  tinfoil, 
bf  being  pasted  across  the  surface  of  the  resinous  plate  and  imited 
at  each  end  with  the  metallic  solej  or  preferably,  brass  wires,  ccCy 
being  inserted  from  the  sole  through  the  resin,  the  tops  being  level 
with  the  surface. 

Let  the  surface  of  the  resinous  cake  be  well  excited  by  holding  it  by  its 
tt^e  in  a  slanting  direction,  and  Fig.  12. 

striking  it  briskly  several  times 
with  a  piece  of  dry  warm  fur  or 
flannel,  or  with  a  warm  silk  hand- 
kerchief; let  it  now  be  laid  on  the 
tableland  the  cover  placed  upon 
it.  If  the  hitter  be  now  removed 
by  its  handle,  it  may  possibly  be 
found  to  have  acquired  a  feeble 
charge  of  negative  electricity,  but 
it  will  require  a  delicate  electro-  j 
scope  to  detect-  it  Let  it  be 
replaced  on  the  resin,  touched 
with  the  finger,  and  then  raised; 
it  will  now  be  found  to  be  strongly 

charged  with  pontive  electricity,  and  a  spark  will  pass  between  it  and  a 
conductor  brought  sufficiently  near. 

The  electrophorus  which  was  invented  by  Volta  is  of  great 
use  to  the  electrician,  as  affording  a  ready  supply  of  statical 
electricity.  When  once  charged,  the  resinous  cake  retains  its 
electricity  for  a  long  time,  as  it  acts  solely  by  its  inductive  influence 
on  the  natural  electricity  of  the  cover. 

When  the  metallic  plate  is  placed  on  the  excited  resin,  its  con- 
dition is  that  of  a  conductor  under  the  influence  of  an  electrified 
body,  its  lower  surface  becoming  positive  and  its  upper  surface 
fi^o^tre  by  induction.  When  it  is  removed  from  the  resin  the 
separated  electricities  re-unite ;  but  when  the  plate  is  tmirmdated 
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while  in  contact  with  the  resin,  the  repelled  negative  electricity 
is  neutralised  by  a  corresponding  quantity  of  positive  electricity 
from  the  earth,  and  the  cover  becomes  charged  with  positive 
electricity,  which  cannot  be  compensated  with  a  corresponding 
quantity  of  negative  electricity  &om  the  resin,  because  of  the 
non-conducting  power  of  the  latter. 

The  negative  electricity  of  the  upper  surface  of  the  resin  acts 
inductively  on  the  natural  electricity  of  the  lowe^r  surface,  at- 
tracting the  positive  and  repelling  the  negative ;  the  latter  escapes 
or  becomes  neutralised  through  the  medium  of  the  conducting 
sole ;  the  positive  electricity  cannot  escape,  being  bound  by  the 
negative  electricity  of  the  upper  surface.  Thus  it  is  that  the 
charge  on  the  resin  is  retained. 

The  electrophorus  is  not  only  an  exceedingly  convenient  source 
of  electricity,  but  it  serves  admirably  to  illustrate  the  operation 
and  principle  of  induction. 

(9)  raraday's  Theory  of  Zndnotloii.— It  was  by  an  apparatus 
constructed  on  the  principles  of  the  electrophorus  that  Faraday 
demonstrated  the  importimt  electrical  fact  that  induction  m  essen^ 
tidUy  a  physical  action,  occurring  between  contiguous  particles.  He 
considers  that  the  electric  force  originating  or  appearing  at  a  cer- 
tain place  is  propagated  to,  and  sustained  at,  a  distance,  through 
the  intervention  of  the  intervening  particles  of  air,  each  of  which 
becomes  polarized,  as  in  the  case  of  insulated  conducting  masses. 

Suppose  p  to  be  a  positively  charged  body,  and  n  p  a  previously  neutral 
body  at  a  distance,  the  action  at  p  is  transferred  to  N  p  through  the  medium 
of  intervening  molecules,  each  of  which  becomes  eUctro-polar,  or  disposed  in 
Hg.  13. 

^(3      3      3      3      3      3;^^ 

#     3       3       3      3       3     Ci 
^3      3       3      3      3       3^^ 

an  alternate  series  of  positive  and  negative  poles,  as  indicated  by  the  series 
of  black  and  white  hemispheres. 

Again,  let  three  insulated  metallic  spheres  a,  b,  c,  be  placed  in  a  line,  but 
not  in  contact.  Let  a  be  electrified  positively,  and  then  c  uninsulated.  Under 

Pig.  14. 


n 

(3     O 


these  circumstances  b  will  acquire  the  negative  state  at  the  surface  towards 
A  and  the  positive  state  at  the  surface  furthest  from  it,  andc  will  be  charged 
negatively.  The  ball  b  will  be  in  what  is  called  a  polarized  condition :  that 
is,  the  opposite  parts  will  exhibit  the  opposite  electrical  states;  A  and  c  will 
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not  be  in  this  polarized  state,  for  they  will  be,  as  it  is  said,  charged  the  one 
positively  and  the  other  negatively. 

This  theory  of  inductiozi  does  not,  however,  rely  on  the  polari- 
zation of  fnaUer  in  the  ordinary  acceptation  of  that  term.  It 
proposes  rather  to  deal  with  the  pataers  or  forces  which,  in  the 
generally  received  view  of  the  atomic  constitution  of  matter,  are 
associated  with  the  material  atom,  giving  to  it  its  characteristic 
effects  and  properties.  Faraday  adopts  the  theory  of  Boscovith, 
according  to  which  atoms  are  mere  centres  of  forces  or  powers, 
not  particles  of  matter  in  which  the  powers  themselves  reside. 
In  their  quiescent  state,  these  cenfy'ea  0/ force  are  not  arranged  in 
a  polarized  form,  but  they  become  so  under  the  influence  of  con- 
tiguous and  charged  particles.  When  this  forced  or  polar  condition 
is  readily  assumed,  it  is  readily  destroyed,  and  conduction  is  the 
result  When  the  contiguous  particles  communicate  theb  forces 
less  readily,  inmlation,  more  or  less  perfect,  is  the  consequence, 
and  the  action  of  a  charged  body  on  insulating  matter  is  induction, 

(10)  Selatloii  of  Zndiiotloii  to  the  matter  tbronirli  wbicta 
It  io  exerted. — All  insulating  bodies  do  not  possess  in  the  same 
degree  the  power  of  transmitting  the  electric  influence.  The 
relative  facility  with  which  they  do  so,  as  compared  with  a 
common  standard,  is  termed  by  Faraday  their  apecific  inductive 
capacity, 

1.  Let  a  small  electrical  charge  be  communicated  to  a  metallic  disc,  and 
let  it  be  suspended  by  a  silk  thread,  an  inch  or  so  above  the  cap  of  the  gold- 
leaf  electroscope,  the  leaves  of  the  instrument  will  immediately  diverge  to  a 
certain  extent  by  induction.  17 ow,  let  a  plate  of  shell  lac  about  an  inch  in 
thickness,  and  mounted  on  an  insulating  handle,  be  inserted  between  the 
electrified  disc  and  the  cap  of  the  electroscope,  the  divergence  of  the  gold 
leaves  will  immediately  increase,  because  induction  takes  place  more  freely 
through  shell  lac  than  through  air. 

2.  Let  three  equal  discs  of  brass  be  arranged  parallel,  and  at  equal  dis- 
tances from  each  other :  the  two  exterior  must  be  in  communication  with 
the  ground ;  the  third,  which  is  between  them,  must  be  insulated.  Let  a 
single  gold  leaf  be  suspended  exactly  equidistant  between  two  brass  balls, 
each  of  which  communicates  separately  with  one  of  the  exterior  discs.  Let 
a  small  electrical  charge  be  communicated  to  the  middle  disc,  and  then  let 
the  communication  between  the  two  exterior  discs  and  that  ground  be  cut 
off.  Under  these  circumstances,  the  gold  leaf  will  remain  at  rest,  being 
equally  attracted  by  each  of  the  balls;  and  the  insulating  stratum  separat- 
ing the  three  discs  is  the  same,  viz.— air.  Now  let  a  stratum  of  some  other 
insulating  substance,  such  as  /etc,  ndphmr^  or  ^099,  be  interposed  between  two 
of  the  difcf,  the  gold  leaf  will  immediately  diverge,  showing  that  the  in- 
ducing action  of  the  electrified  body  upon  the  disc,  from  which  it  is  separated 
by  the  new  insulating  body,  has  become  greater  than  before. 

The  apparatus  employed  by  Faraday  in  investigating  the  question  of 
q^edfic  conducting  powers  was  a  kind  of  Leyden  phial:  it  is  shown  in 
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Motion  in  Fig.  15;  a  a  are  the  two  halves  of  a   bra^s  sphere  with  an 
air-tight  joint  at  6 ;  c  is  a  connecting  piece,  by  which  the  apparatos  is  joined 
to  a  good  stop-cock  d,  which  is  itself  attached  either  to  the  metallic  foot 
p(g,  ,^,  e,  or  to  kn  air-pump ;  7  is  a  brasfi  collar,  fitted  to  the 

upper  heifnisphere,  through  which  the  shell  lac  sup- 
port of  the  inner  brass  ball  A  passes.  This  ball  is 
screwed  on  to  the  brass  stem  t,  terminating  above  by 
the  brass  ball  b;  //  is  a  mass  of  shell  lac  moulded 
carefully  on  to  i,  and  serving  both  to  support  and 
insulate  it  and  its  balls  A  b. 

llie  shell  lac  stem  /  is  fitted  into  the  socket  g 
by  a  little  cement  more  fusible  than  shell  lac,  applied 
at  m,  m,  in  such  a  way  as  to  give  sufficient  strength 
and  render  the  apparatus  air-tight  there,  yet  leave 
as  much  as  possible  of  the  lower  part  of  the  shell 
lac  stem  untouched  as  an  insulation  between  the  ball 
A,  and  the  surrounding  sphere  a  a ;  the  ball  A  has  a 
small  aperture  at  n,  so  that  when  the  apparatus  is 
exhausted  of  one  gas,  and  filled  with  another,  the 
ball  A  may  also  be  exhausted  and  filled,  that  no 
variation  of  the  gas  in  the  interval  o  may  occur 
during  the  course  of  an  experiment. 

Two  of  these    instruments,  precisely  similar  in 

every  respect,  were  constructed,  and    the  method 

of  experimenting  was  (different  insulating  media 

being  within)  to  charge  one  with  a  Leyden  phial ; 

then,  after  dividing  the  charge  with  the  other,  to 

observe  what  the  ultimate  conditions  of  each  were, 

the*  intensity  of  the  charge  being  measured  by  a 

carrier  ball  and  Coulomb's  electrometer. 

Comparing  together  various  substances  by  this  general  method,  Faraday 

and  Harris  obtained  the  following  values  for  the  specific  inductive  capacities 

of  the  bodies  named : — 

Specific  Induction. 


Air       .        . 

.    100 

Glass    .       . 

.    1-90 

Resin    . 

.    177 

Sulphur 

.       .    i-93 

Pitch    .        . 

.       .    r8o 

Shell  lac       . 

.    1-95 

Bees'-wax     . 

.       .    186 

All  gases  have  the  same  inductive  capacity,  independent  of  temperature 
and  pressure. 

(11)  Bleetrlcltj  resides    on    the    surflAee   of   electrified 

bodle».— When  a  body  receives  a  charge  of  electricity,  the  charge 
does  net,  as  in  the  case  of  heat,  diffuse  itself  throughout  the  whole 
of  its  substance,  but  is  confined  entirely  to  its  surface ;  from  this 
it  follows  that  a  metallic  ball  may  be  equally  electrified  whether  it 
be  solid  or  hollow  5  and  that  if  it  be  hollow,  the  amount  of  elec- 
tricity will  be  the  same,  whether  the  shell  of  matter  of  which  it  is 
composed  be  thick  or  thin. 

I.. Let  AB;  be  .an  insulated  cylinder,  moveable  round  a  horizontal  axis. 
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which  may  be  turned  bv  the  glass  handle,  h.  Bound  this  cylinder  let  a  metallic 
ribbon,  G  n,  be  wound,  and  let  a  silk  cord,  f,  be  attached  to  the  end  of  it. 
Let  a  pith-ball  electroscope,  e,  be  fixed  on  the  metallic  frame  of  the  apparatus. 
The  ribbon  being  electrified,  the  pith-balls  diverge:  let  it  now  be  unrolled 
by  pulling  the  silk  cord ;  the  balls  will  gradually  collapse,  indicating  a 
diminution  of  the  electrical  charge ;  and  if  the  ribbon  be  sufficiently  long, 
compared  with  the  electrical  charge  given  to  the  apparatus,  they  will  fall 
almost  entirely  together,  but  will  again  diverge  on  re-rolling  the  ribbon  on 
the  cylinder. 

Fig.  17. 


2.  Let  a  metellic  cup  be  placed  on  a  varnished  glass  support,  and  let  a 
metallic  chain,  terminated  by  a  silk  thread,  be  coiled  up  and  placed  in  iu 
interior.  Let  the  cup  be  electrified ;  upon  which  the  pith-balls,  hung  from  a 
metallic  wire  attached  to  the  can,  will  diverge  to  a  certain  extent.  Now  let 
the  chain  be  drawn  gradually  out  of  the  can  by  the  silk  thread ;  the  diver- 
gence of  the  balls  will  lessen,  and  finally  will  become  scarcely  peitepUble.  On 
now  again  dropping  the  chain  gradually  into  the  can,  the  balls  will  again 
begin  to  diverge,  and  the  divergence  will  increase  till  the  whole  of  the  chain 
has  been  returned,  when  it  will  be  nearly  as  great  as  at  first 

3.  Place  a  cylinder  of  wire  gauze  on  an  insulating  stand,  and  communicate 
a  small  charge  of  electricity  to  ito  inner  surface.    Try  now  to  remove  a 
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portion  of  this  chai^  for  testing,  by  touching  the  inner  surface  with  a  proof- 
plane  (which  is  merely  a  disc  of  gilt  pliBteboard  attached  to  a  stick  of  shell  lac), 
the  electroscope  will  show  no  signs  of  electricity :  then  touch  the  {nOmde  of 
the  gauze  witii  the  proof-plane,  and  abundant  evidence  of  electricity  will  be 
obtained. 

4.  A  conical  muslin  bag,  stiff  enough  to  preserve  its  form,  is  attached  to  a 
metallic  hoop,  insulated,  on  a  varnished  glass  rod,  and  placed  in  a  horizontal 

position  as  shown  in  Fig.  18;  a 
pj    jg  charge  of  electricity  is  conveyed 

to  the  intenor  of  the  bag;  as  in 
the  last  experiment,  the  whole  is 
found  arranged  on  the  outside  of 
the  cone:  the  cone  is  now  drawn 
inside  out  by  means  of  a  silk 
thread,  so  that  the  surface  of  the 
muslin,  which  before  formed  the 
inner,  now  forms  the  outer  super- 
ficies. On  applying  the  proof- 
plane,  it  is  found  that  the  charge 
■'^^^_^  has  passed  from  one  surface  of  the 
muslin  to  the  other,  in  order  still 
to  be  on  the  outside. 

Faraday  constructed  a  light  wooden  chamber  of  12  feet  cube, 
which  he  bound  round  with  copper  wire  so  as  to  make  the  sides  a 
large  network ;  all  was  then  covered  with  paper,  placed  in  close 
connection  with  the  wires,  and  supplied  in  every  direction  with 
bands  of  tin  foil,  that  the  whole  might  be  brought  into  good  metallic 
communication,  and  rendered  a  free  conductor  in  every  part.  Fara- 
day entered  this  chamber,  which  was  insulated  and  put  into  com- 
munication with  a  powerful  electric  machine;  he  used  lighted 
candles,  delicate  electroscopes,  and  other  tests  of  electricity,  but 
could  &id  none  within  the  cube,  though  all  the  time  large  sparks 
and  brushes  were  darting  off  from  every  part  of  the  outer  surface. 

•  The  conclusion,'  says  Faraday,  'that  I  have  come  to  is,  that  non-conductors, 
as  well  as  conductors,  have  never  yet  had  an  absolute  and  independent  charge 
of  one  electricity  communicated  to  them ;  and  that,  to  all  appearance,  such 
a  state  of  matter  is  impossible.*    {Ex,  Research,  series  xi  x  173-4.) 

(12)  BUtrlbntion  of  Bleetrlcity  on  tbe  •urUiee*  of  Bleetrl- 
fled  Bodies. — Although  electricity  is  confined  to  the  surfaces  of 
bodies,  its  intensity  is  not  on  every  part  the  same,  except  in  the 
case  of  a  q)here,  on  which  the  symmetry  of  the  figure  renders  the 
uniform  distribution  of  the  electricity  inevitable.  K  the  body  be 
an  oblong  spheroid,  the  intensity  is  great  at  the  poles,  but  feeble  at 
the  equator.  If  the  body  be  of  a  cylindric  or  prismatic  form,  a 
still  more  rapid  augmentation  takes  place  at  the  extremities,  the 
more  so  as  the  length  bears  a  greater  proportion  to  the  breadth. 
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CoQlomb  insulated  a  circular  cylinder  two  inches  in  diameter  and  thirty 
inches  in  length,  of  which  the  ends  were  hemispherical ;  and.  t>n  comparing 
the  quantities  of  electridty  collected  at  the  centre,  and  at  points  near  the 
extremities,  he  obtained  the  following  results.  At  two  inches  from  the 
extremity  the  electricity  was  to  that  at  the  centres  li  to  i ;  at  one  inch  from 
the  extremity  it  was  as  i*  to  i ;  and  at  the  extremity  it  was  as  24.  to  i 

From  the  observations  of  the  same  philosopher,  it  appears  that  the  depth 
of  the  electric  fluid  on  a  conductor  increases  in  rapid  proportion  on  approach-  • 
ing  the  edges ;  that  the  effect  is  still  more  augmented  at  corners,  which  may 
be  regarded  as  two  edges  combined,  and  that  the  effect  is  still  further  in- 
creased  if  any  part  of  a  conductor  have  the  form  of  a  point. 

The  force  which  retains  electricity  on  the  surface  of  a  conductor 
was  assumed  by  Coulomb  to  be  the  pressure  of  the  atmosphere  j 
and  the  reason  why  it  is  impossible  to  accumulate  any  charge  on  a 
conductor  furnished  with  points,  is  because  the  depth  of  electricity 
is  there  so  much  increased  that  the  force  of  the  electric  fluid 
exceeds  the  restraining  power  of  the  atmosphere. 

But  it  hM  been  shown  by  Harris  {PJUl.  Tram.  1834)  that  an 
electrified  ball  insulated  under  the  receiver  of  an  air-pump,  and 
connected  with  an  electroscope,  undergoes  no  change  by  withdraw- 
ing  J^ths  of  the  air:  also,  that  a  charged  electroscope  enclosed  in 
an  air-tight  bulb,  and  placed  under  a  receiver,  retains  its  charge 
unaltered  when  ^ths  of  the  air  are  withdrawn;  and  that  the 
divergence  of  a  well-insulated  gold-leaf  electroscope  does  not 
diminish  when  the  air  in  the  receiver  under  which  it  is  placed  is 
exhausted  till  only  ^^th  part  remains. 

Again,  Faraday  has  shown  that  the  distribution  of  electricity  on 
the  surface  of  an  insulated  sphere  is  only  uniform  as  long  as  it  is 
surrounded  by  a  dielectric  of  the  same  specific  inductive  capacity 
(10) ;  for,  when  an  electrified  ball  is  surrounded  partly  by  air  and 
partly  by  sulphur  or  lac,  the  electricity  is  diffused  on  it  unequally 
though  the  pressure  of  the  air  remains  xmchanged. 
According  to  Faraday's  view  of  induction — 
•An  electrified  cylinder  is  more  affected  by  the  influence  of  surroundine 
conductors  at  the  ends  than  at  the  middle,  because  the  ends  are  exposed  to 
a  greater  sum  of  inductive  forces  than  the  middle;  and  a  point  is  brought 
to  a  higher  condition  than  a  ball,  because,  by  relation  to  the  conductors 
aronnd,  more  inductive  force  terminates  on  its  surface  than  on  an  equal  sur- 
face of  the  ball  with  which  it  is  compared.*    {Ex,  Research,  xii.  1302.) 

(13)  The  CondeMCP.— When  an  uninsulated  conductor  is 
brought  into  close  proximity  to  an  electrified  insulated  conductor,  the 
latter  acquires  an  increased  electrical  capacity,  in  consequence  of  the 
reciprocal  inductive  actions  of  the  two  conductors.  On  this  prin- 
ciple a  very  important  electrical  instrument  was  invented  by 
(Epinus,  and  introduced  into  electrical  science  by  Volta,  for  render- 
ing evident  very  minute  traces  of  electricity. 
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Let  A  B  represent  a  metallic  disc  insolated  on  a  varnished  g^lass  rod,  and 
connected  by  a  wire  with  the  cap,  s,  of  a  gold-leaf  electroscope,  and  let  a'  b' 
represent  a  similar  disc  in  free  communication  with  the  earth  by  the  wire  w. 
Let  a  feeble  charge  of  electricity  be  communicated  to  a  b  ;  it  will  be  diffused 
over  E,  and  the  gold  l^avA  of  the  electroscope  will  diverge  to  a  certain 
extent    Let  a'  b'  be  now  caused  to  approach  a  b  :  as  it  draws  near,  the 


Fig.  19. 


gold  leaves  will  gradually  collapse,  and  when  the  discs  are  almost  in  contact, 
the  charge  will  be  so  far  withdrawn  from  e,  and  concentrated  on  A  b,  that  the 
leaves  will  hang  nearly  parallel.  Let  a'  b'  be  now  suddenly  withdrawn  to 
a  distance ;  the  electricity  accumulated  on  a  b  being  now  relieved  from  the 
inductive  influence  of  a'  b',  will,  in  virtue  of  its  expansive  power,  return  and 
diffuse  itself  over  E,  the  gold  leaves  of  which  will  immediately  return  to 
their  former  state  of  divergence. 

Suppose  the  small  charge  of  electricity  communicated  in  this 
experiment  to  a  b  to  be  positive^  it  decomposes  the  natural  elec- 
tricity of  a'  b',  repelling  the  positive  or  attracting  the  negative ;  the 
greater  portion  of  the  positive  electricity  with  which  A  b  was 
charged  is  therefore  concentrated  on  the  surface  of  the  plate  im- 
mediately opposed  to  A'  b';  it  is  there  masked,  and  for  the  time 
neutralised ;  the  effect  on  the  electroscope  is  reduced  almost  to  no- 
thingy  and  to  affect  the  leaves  in  the  same  manner  as  before,  an 
additional  quantity  of  positive  electricity  is  required :  none  of  the 
chai'ge  communicated  to  a  b  is  however  lost,  for  when  the  oppos- 
ing compensating  plate  is  removed,  the  whole  becomes  free,  it  dif- 
fuses itself  over  the  entire  conducting  system,  and  the  electroscope 
is  influenced  by  the  united  forces  of  both  charges.  In  this  way, 
charges  of  electricity  too  feeble  to  produce  a  divergence  of  the 
leaves  of  the  electroscope  by  direct  contact  may  be  rendered  sen- 
sible, hence  the  name  of  condenser  given  to  the  instrument. 
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Fig.  xo. 


The  oiiginfd  condenser  of  Volta  consisted  of  two  large  circular 
metallic  discs,  the  surfaces  of  which  were  covered  with  a  thin  uni- 
form coaling  of  amber  varnish ;  the  lower  disc,  b,  the  condenser,  was 
supported  on  a  metallic  stand,  B  B ;  the 
upper  disc,  A,  called  the  collector,  was 
provided  with  an  insulating  handle,  and 
a  short  wire  terminating  in  a  metallic 
ball,  E.  The  body  the  electricity  of 
which  was  to  be  investigated  was 
brought  into  contact  with  e  ;  the  elec- 
tricity thus  communicated  to  a,  acting 
by  induction  on  B,  confined  the  elec- 
tricity of  the  opposite  kind,  repelling  its 
similar  electricity ;  at  the  same  time,  B, 
being  in  perfect  electrical  communica- 
tion with  the  earth,  had  a  constant  sup- 
ply of  neutral  el^tricity  conveyed  to 
it,  which  in  its  turn  underwent  a  similar 
decomposition.  This  process  lasted  until 
the  condenser  had  received  the  full 
charge  answering  to  its  surface.    The 

collector,  A,  being  suddenly  raised  by  its  insulating  handle,  taking 
care  to  keep  it  parallel  to  the  base,  the  electricity  accumulated 
upon  it  could  be  transferred  to  an  electroscope  for  examination. 
The  plates  may  be  placed  vertically,  and  if  made  a  foot  or  more  in 
diameter  are  very  efficient. 

For  the  sake  of  convenience,  however,  it  is  usual  to  attach  both 
condenser  and  collector  to  the  gold-leaf  electroscope,  as  shown  in 
Fig.  19. 

(14)  Aaws  reffulatinr  tbe  ZndaotiTe  Actions  of  tHe  Btacs. 
— ^These,  and  the  operation  of  the  direct  and  reflective  inductive 
forces,  have  been  investigated  by  Harris  (PhU,  Trans.  1834).  The 
quantity  of  electricity  displaced  from  a'  b'  may  be  considered  as 
the  direct  induction  of  the  plate  a  b.  Harris  measured  the  force 
of  this  induction  at  varying  distances  between  the  plates  by  means 
of  his  hydrostatic  electrometer  (PhU,  Trans,  1839),  an  instrument 
constructed  by  him  for  measuring  directly  the  attractive  force  of 
an  electrified  body  in  terms  of  a  standard  weight.    He  foimd — 

1.  That  the  inductive  forces  are  invertdy  a»  the  squaret  of  the  dUtances 
between  the  platee ;  and  as  the  quantity  of  electricity  is  as  the  tquare  root  of 
the  forces,  the  direct  induced  force  is  invendy  at  the  distance* 

2.  That  the  distances  between  the  plates  being  constJint,  and  the  quantit}** 
of  electricity  varied,  the  induced  force  is  as  the  exciting  electricity  directly^ 
and  as  the  distance  inversely,  ^ 

That  when  a'  b'  is  insulated,  then  the  direct  induction  is  no  longer  as 
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before,  in  the  simple  inverse  ratio  of  the  distances,  but  in  tlie  inverte  ratio  of 
the  square  rood  of  the  distances. 

Then  as  regards  reflected  induction  of  Af  b'  on  A  b,  he  found — 

1.  That  when  a'  b'  was  uninsulated  the  force  was  in  the  inverse  ratio  of  the 
distances  between  the  plates. 

2.  That  when  a'  b'  was  insulated  the  variation  was  as  before,  in  the  inverte 
ratio  of  the  square  roots  of  the  distance. 

(15)  Varley's  MnltlpUer.— An  exceedingly  ingenious  instru- 
ment, by  which  very  feeble  electrical  tensions  may  be  multiplied 
severed  thousand  fold,  so  that  by  its  use  the  tension  of  the  feeblest 
electrical  sources  may  be  demonstrated,  and  sparks  or  other  ana- 
logous phenomena  developed  from  a  tension  no  greater  than  that 
produced  by  a  single  cell  of  the  voltaic  battery,  was  exhibited  at 
the  International  Exhibition  of  1 8 6z  by  Mr.  Varley.  (Jurors' 
Report.) 

This  instrument  might  be  called  a  multipl3dng  indicator.  It 
consists  of  an  axis,  on  which  parallel  rows  of  insulated  brass  vanes 
or  arms  are  fixed.  The  description  will  be  sinapHfied  by  consider- 
ing one  row  of  vanes  only :  a,  b,  c,  d,  &c.  The  axis  may  be  turned 
by  hand,  and  at  two  points  of  the  revolution,  diametrically  opposite 
to  each  other,  the  vanes  enter  two  rows  of  hollow  insulated  cover- 
ings or  shells  of  brass,  a,  a^  a^,  a^  &c.,  and  h,  \,  63,  63,  &c.  These 
shells  conceal  the  vanes  entirely  on  the  three  sides,  and  are  con- 
nected one  with  another  as  follows : — a  unconnected,  a^  a^  joined 
together,  a^  a^  joined  together,  a^  a^  joined  together,  &c.  In  the 
opposite  row,  h  h^  are  joined,  63  63  joined,  h^  h^  joined,  &c. ;  a  is 
opposite  toh)  a^  opposite  to  5^,  &c.  Thus  the  two  rows  may  be  said 
to  be  arranged  in  alternate  insulated  couples. 

The  charge  to  be  multiplied  is  communicated  to  a,  and  we  will 
suppose  this  charge  to  consist  of  a  certain  definite  quantity  retained 
without  loss  by  means  of  perfect  insulation.  The  axis  is  turned 
round  by  hand.  When  the  vane  A  is  inside  a,  an  earth  connection 
is  made  at  the  inner  end  of  the  vane  a,  where  it  is  not  covered  by 
the  shell.  If  the  charge  on  a  be  positive,  a  negative  charge  of  cor- 
responding magnitude  wiU  be  induced  on  A.  The  charge  so  induced 
may  approach  more  or  less  nearly,  according  to  the  proportions  of 
the  instrument,  to  equality  on  the  charge  on  a ;  it  will  always  be 
somewhat  less,  but  can  easily  be  made  in  practice  to  differ  very 
little  from  the  original  charge.  When  the  axis  is  turned  round 
still  further,  the  earth  connection  is  broken,  and  the  negative 
charge  remains  insulated  on  the  vane  A.  As  the  axis  continues  to 
revolve,  the  vane  a  is  brought  inside  the  shell  6,  and  is  then  put 
in  connection  with  shells  6  Aj  by  a  suitable  contact.  The  negative 
charge  on  A  will  then  almost  entirely  distribute  itself  over  the 
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outer  surface  of  the  double  shell  h  h^  As  the  axis  is  turned  round 
and  round,  the  same  series  of  contacts  will  be  repeated,  successive 
charges  on  a  will  be  induced  by  a,  and  communicated  to  the  double 
shell  b  bi,  on  the  surface  of  which  these  charges  will,  gradually 
accumulate,  tending  towards  a  limit  which  is  only  not  infinite 
(leaving  insulation  out  of  consideration),  because  when  the  vane 
is  inside  b  b^,  and  its  contact  there  made,  its  whole  metal  is  not 
surrounded  by  a  closed  metal  surface  forming  part  of  &.  The  effect 
will,  however,  practically  be  rather  limited  by  imperfect  insulation 
than  by  the  want  of  continuity  in  the  surrounding  surface  oib  b^. 
But  while  negative  electricity  is  thus  accumulating  on  b  6^  the 
second  vane,  b,  has  been  continually  passing  through  the  shell  b^. 
At  the  moment  when  fully  covered  by  this  shell,  an  earth  contact 
has  been  made  with  this  vane,  as  already  described  for  vane  a.  b 
has  therefore  been  receiving  continually  greater  charges  of  positive 
electricity,  each  very  nearly  equal  to  the  quantity  of  negative  elec- 
tricity at  that  time  on  b  6^,  and  these  in  their  turn  it  has  communi- 
cated to  the  shells  a^  a^  The  vane  c  receives  continually  increas- 
ing negative  charges  from  aj  Oj,,  which  it  communicates  to  65  ft^, 
and  thus  the  multiplication  proceeds  through  any  required  number 
of  vanes  and  shells,  by  the  simple  process  of  turning  the  axis. 

If  all  the  vanes  and  shells  be  alike,  and  if  one  vane  with  its  pair 
of  shells  can  at  most  produce  a  charge  in  the  second  shell  only 
ten  times  greater  than  that  in  the  first,  it  is  clear  that  ten  vanes 
and  their  shells  would  produce  a  maximum  charge  in  the  final 
shell  xo^^,  or  10,000,000,000  times  greater  than  on  the  first  shell. 
The  tension  of  this  final  shell,  if  all  disturbing  causes  be  removed, 
would  likewise  be  10,000,000,000  times  greater  than  that  of  the 
first  shell  under  similar  circumstances.  Metallic  screens  in  con- 
nection with  the  earth  are  used  between  each  pair  of  coupled  shells 
to  prevent  their  action  one  on  the  other,  and  also  surroimding  the 
whole  apparatus  to  screen  it  from  irregularity. 

As  a  proof  that  this  instrument  can  be  relied  on  as  indicating  a 
real  multiplication  of  the  charge  originally  given  to  the  first  plate,  Mr. 
Varley  showed  to  the  Jury  a  strong  positive  tension  of  the  positive 
pole  of  a  single  Daniell's  voltaic  cell,  by  a  definite  number  of  rota- 
tions of  the  axis ;  and  then,  reversing  the  poles  of  the  battery,  and 
turning  the  axis  of  the  instrument  dottble  the  number  of  times  used 
to  produce  the  first  tension,  he  reversed  that  tension,  and  produced 
a  very  nearly  equal  tension  of  the  opposite  kind.  The  tensions 
were  strong  enough  to  produce  sparks. 

Mr.  Varley  states  that  he  has  obtained  a  multiplication  of  more 
than  z  5,000  times  the  original  tension  by  the  use  of  this  instru- 
ment.    . 
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CHAPTER  ni 

Apparatus  for  Exciting  and  Accumulating  Electricity. 

(i6)  Tbe  Blectrioal  llCaol&ine.-^The  first  apparatus  that  was 
constructed  for  the  exhibition  of  electrical  phenomena,  to  which  the 
name  of  electrical  machine  was  given,  was  the  globe  of  sulphur  used 
by  Boyle  and  Otto  Guericke.  The  substitution  of  glass  for  sul- 
phur was  made  by  Newton,  the  rubbers  in  both  cases  being  the 
hand.  That  important  part  of  the  machine  called  the  pime  con' 
dtictor  was  first  introduced  by  Boze ;  it  consisted  of  an  iron  tube 
suspended  by  silken  strings ;  and  the  substitution  of  a  cushion  for 
applying  friction  in  the  place  of  the  hand  was  first  made  by 
Winkler. 

The  electric  of  the  modem  electrical  machine  is  generally  glass, 
and  the  form  either  a  cylinder  or  a  plate ;  discs  of  gutta  percha 
and  vulcanite  are  also  employed;  and  it  has  recently  been  proposed 
to  return  to  sulphur,  a  disc  of  which,  a  metre  in  diameter  and  two 
or  three  centimetres  thick,  makes,  according  to  M.  Richer  (French 
Academy  of  Sciences,  Jan.  30,  1865),  an  excellent  machine. 

The  glass  cylindrical  electrical  machine  is  shown  in  Fig.  22. 

It  consists  0^  1,  a  hollow  cylinder  of  glass  supported  on  brass  bearings 
which  revolve  in  up- 
right pieces  of  wood  p.  ^^ 
attached  to  a  rectan- 
gular base;  2,  a  cush- 
ion of  leather  stuffed 
with  horse^hair,  and 
fixed  to  a  pillar  of 
glass,  furnished  with  a 
screw  to  regulate  the 
degree  of  pressure  on 
the  cylinder;  3,  a  cy- 
linder of  metal  or 
wood  covered  with  tin 
foil,  mounted  on  a 
glass  stand,  and  termi- 
nated on  one  side  by  a 
series  of  points,  and  on 
the  other  side  by  a 
brass  ball.  A  flap  of 
oiled  silk  is  attached  to 
the  rubber  to  prevent 
the  dissipation  of  elec- 
tricity firom  the  surface  of  the  cylinder  before  it  reaches  the  points. 
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The  surfoce  of  the  leather  coshion  is  smeared  with  a  metaUic  amalgam, 
made  by  melting  together  five  parts  of  zinc  and  three  parts  of  tin,  and  poor- 
ing  gradually  on  the  melted  mixture  nine  parts  of  metallic  mercury  pre- 
vionsly  warmed :  the  whole  is  shaken  briskly  till  cold,  in  an  iron  or  thick 
wooden  box ;  it  is  then  reduced  to  a  fine  powder  in  a  mortar,  sifted  through 
muslin,  and  mixed  with  lard  in  sufficient  quantity  to  reduce  it  to  the  con- 
sistency of  paste.  This  preparation  should  be  spread  cleanly  over  the  surface 
of  the  cushion,  up  to  the  line  formed  by  the  junction  of  the  silk  flap  with 
the  cushion.  By  the  use  of  this  amalgam  electrical  excitation  is  greatly 
promoted. 

The  glass  plate  electrical  machine  ia  shown  in  Fig.  22. 

It  consists  of  a  circular  plate  of  thick  flinty  glass,  revolving  vertically  by 
means  of  a  winch  between  two  uprights.  Two  pairs  of  rubbers,  formed  of 
slips  of  elastic  wood  covered  with  leather,  stuffed  with  borse-hair,  and 

Fig.  xz. 


furnished  with  silk  flaps,  are  placed  at  two  equidistant  portions  of  the  plate, 
on  which  their  pressure  may  be  increased  or  diminished  by  means  of  brass 
screws.  The  prime  conductor  consists  of  hollow  brass,  supported  horizontally 
from  one  of  the  uprights :  its  arms,  where  they  approach  the  plates,  being 
furnished  with  points. 
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Sir  William  Snow  Harrises  arrangement  of*  the  plate  electrical 
machine  is  shown  in  Fig.  23. 

The  plate  a  a,  about  three  feet  in  diameter,  is  mounted  on  a  metallic  axU 
resting  on  two  horizontal  supports  of  mahogany,  which  are  themselves 
sustained  bj  four  vertical  mahogany  columns,  fixed  upon  a  firm  frame  as  a 
base.  The  whole  apparatus  rests  on  the  four  legs  b  c  d  f,  and  these  again 
rest  upon  another  steady  frame,  provided  vrith  three  levelling  screws,  o  h  i, 
for  securing  it  in  a  horizontal  position.    The  rubbers  are  insulated  on  the 

Pig.  ij. 


glass  pillars  k  k,  one  on  either  side  of  the  horizontal  diameter  of  the  plate. 
L  M  N  is  the  positive  conductor,  projecting  in  a  vertical  position  in  front  of 
the  plate ;  while  the  negative  conductor,  o  p,  passes  in  a  curvilinear  direction 
behind,  and  connects  the  rubber  of  each  side. 

The  glass  plate  is  turned  by  an  insulated  handle,  immediately  in  front  of 
which  is  placed  a  short  index,  which  is  fixed  to  the  axis,  and  which  moves 
over  a  graduated  circle  attached  to  the  horizontal  part  of  the  frame,  and 
through  the  centre  of  which  the  axis  passes.  In  this  manner  the  number  of 
revolutions  of  the  plate  may  be  accurately  registered. 

The  machine  used  by  Faraday  in  his  famous  researches  is  some- 
what  similar  in  construction  to    the    above.     The  plate  is  50 
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inclies  in  diameter^  and  the  metallic  surface  of  the  conductor  in 
contact  with  the  air  ahout  142*2  square  inches.  When  in  good 
excitation,  one  revolution  of  the  plate  will  give  ten  or  twelve  sparks 
from  the  conductor,  each  an  inch  in  length,  and  sparks  or  flashes 
from  10  to  14  inches  in  length  may  easily  be  drawn  from  the 
conductor. 

A  magnificent  plate  electrical  machine  was  some  years  ago  cod- 
structed  for  the  late  Panopticon  of  Science  in  Leicester  Square. 
The  plate  of  this  machine  was  ten  feet  in  diameter:  it  was 
turned  by  steam  power,  and  excited  by  three  pairs  of  rubbered 
each  pair  nearly  3  feet  in  length.  The  conductor  was  pear- 
shaped,  6  feet  in  length,  and  4  feet  in  diameter  at  its  widest  part. 
When  well  excited,  sparks  from  15  to  18  inches  in  length,  and 
of  remarkable  brilliancy  and  volume,  could  be  drawn  from  the 
terminal  ball  of  the  conductor,  and  a  battery  of  thirty-six  jars, 
presenting  108  square  feet  of  coated  glass,  could  be  charged  to 
saturation  in  less  than  one  minute. 

(17)  Belative  merits  of  tbe  Cylinder  and  Plate  Blectrieal 
agaebine« — Cylinder  machines  have,  according  to  Hearder  (PA«/. 
Mag,  vol.  xv.  p.  290),  a  superiority  in  their  exciting  power  over 
plate  machines  of  equal  surface  in  the  proportion  of  4  to  i,  and  are 
for  ordinary  experimental  purposes  much  more  convenient  A 
cylinder  of  12  inches  in  diameter,  having  a  single  rubber  of  9  inches 
in  length,  is  equal  to  a  24-inch  plate  machine  having  four  rubbers 
each  5^  inches  long.  In  veiy  large  plate  machines,  where  a  single 
pair  of  rubbers  only  is  used,  the  sacrifice  of  power,  in  proportion  to 
the  size  of  the  machine,  is  very  great,  and  the  only  advantage 
which  they  appear  to  possess  as  a  compensation  for  this  loss  is 
that  of  afibrding  very  long  sparks  from  a  large  conductor. 

A  well  constructed  machine,  having  a  cylinder  32  inches  in  cir- 
cumference, and  a  rubber  9  inches  in  length,  with  a  prime  conduc- 
tor 4  or  5  inches  in  diameter  and  20  inches  long,  should,  without 
the  necessity  of  warming  the  cylinder,  give  four  to  six  dense  sparks 
of  3  to  3^  inches  in  length  for  every  revolution  of  the  cylinder.  A 
2-inch  ball  inserted  into  the  conductor  should  throw  off  spontane- 
ously rapid  brushes  of  electricity  into  the  air,  and  furnish  zigzag 
sparks  of  9  inches  or  more  in  length ;  it  should  also  charge  a 
Leyden  phial  of  ordinary  thickness,  containing  4  square  feet  of  in- 
ternal surface,  so  as  to  discharge  at  0*5  of  an  inch  with  48  or  50 
turns. 

The  best  material  for  the  flap  attached  to  the  rubber,  is,  accord- 
ing to  the  same  authority,  thin  yellow  oiled  silk  ,*  it  should  be 
varnished  on  one  side  only,  the  unvarnished  side  being  applied  to 
the  glass  to  prevent  adhesion.    K  both  sides  of  the  silk  are  var« 
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nished^  that  side  which  is  to  be  applied  to  the  glass  should  be 
prepared  by  giving  it  two  or  three  coatings  of  shell  lac  yamish. 
As  a  great  desideratum  is  the  close  approximation  of  the  flap 
with  the  cylinder,  the  common  practice  of  sewing  the  silk  flap  to 
the  upper  end  of  the  rubber  is  objectionable ;  it  should  be  attached 
to  the  lower  end,  and  allowed  to  pass  up  between  the  rubber  and 
the  cylinder.  In  order  to  prevent  the  injury  which  would  accrue 
to  the  flap  from  repeatedly  spreading  Ae  lunalgam  upon  the  sur- 
face which  covers  the  rubber,  a  second  piece  of  imoiled  silk  is 
attached  to  the  lower  end  of  the  rubber  and  turned  up  over  its  fece 
so  as  to  receive  the  amalgam ;  when  torn,  it  may  easily  be  replaced. 
The  silk  flap  should  extend  over  one-fourth  of  the  circumference  of 
the  cylinder. 

The  substitution  of  discs  of  vidcanite  for  those  of  glass  in  the 
plate  electrical  machine,  and  of  conductors  mounted  on  vulcanite 
stems,  gives  excellent  results,  allowing  the  apparatus  to  be  worked 
satisfactorily  in  damp  states  of  the  atmosphere,  when  instruments 
made  with  the  common  glass  mountings  would  be  nearly  useless. 
At  the  International  Exhibition  of  1862*,  Mr.  C.  Varley  exhi- 
bited a  machine,  the  vulcanite  disc  of  which  was  35  inches 
iu  diameter.  A  large  induction  ring  was  used  with  this  machine, 
on  the  plan  recommended  by  Dr.  Winter,  of  Vienna.  Under  favour- 
able circumstances,  sparks  zo  inches  in  length  could  be  obtained 
from  Mr.  Varley's  instrument.  Without  Dr.  Winter's  ring  the 
sparks  are  reduced  to  about  7  inches. 

The  amalgam  used  with  vulcanite  should  be  softer  than  that 
used  with  glass,  otherwise  the  disc  deteriorates  with  use. 

(18)  Tbeorjr  of  tbe  Bleetrlcal  MacUne. — The  theory  of 
the  action  of  the  electrical  machine  flows  immediately  from  the 
principles  of  induction  already  illustrated  (7).  On  turning  the 
handle,  the  natural  electricity  of  the  rubber  becomes  by  friction 
decomposed,  the  positive  fluid  adhering  to  the  surface  of  the  glass, 
and  the  negative  to  the  rubber.  The  positive  electric  portions  of 
the  glass,  coming,  during  its  revolution,  opposite  to  the  points  on  the 
conductor,  act  powerfully  by  induction  on  the  latter,  attracting  the 
negative,  which,  being  accumulated  in  a  state  of  tension  at  the 
points,  darts  off  towards  the  cylinder  to  meet  the  positive  fluid,  and 
thus  re-constitute  the  neutral  compound :  the  consequence  is,  that 
the  conductor  is  left  powerfully  positive,  and  the  rubbers  propor- 
tionately negative,  and  after  a  few  revolutions  of  the  glass  no  more 
free  podtive  electricity  can  be  developed,  provided  the  rubbers  aro 
insulated.  It  is  therefore  necessary  to  put  them  into  conducting 
communication  with  the  earth,  whereby  a  sufficient  supply  of  posi- 
tive electricity  is  obtained  to  neutralise  its  negative  state.    In  very 
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dry  weather  it  is  necessary  to  connect  the  rubbers  with  the  moist 
earth  by  means  of  a  good  conductor ;  and  it  is  advisable,  if  possible, 
to  establish  a  metallic  connection  with  the  metallic  water  pipes. 

On  presenting  to  the  prime  conductor  the  knuckle,  or  a  conduct- 
ing body  in  electrical  communication  with  the  earth,  a  yiyid  spark 
passes  between  them,  accompanied  by  a  sharp  snapping  sound.  It 
is  usual  to  speak  of  this  spark  (in  the  case  of  a  glass  electrical 
machine)  as  the  positive  spark :  a  term  which,  according  to  the 
electrical  theory  now  generally  adopted,  does  not  convey  a  correct 
idea  of  its  nature.  According  to  the  principles  of  induction  (7), 
tiie  free  positive  electricity  on  the  prime  conductor  disturbs  ihe 
neutral  electrical  condition  of  a  neighbouring  and  passive  con- 
ductor, drawing  the  negative  fluid  towards  itself,  and  repelling  the 
positive;  and  when  this  state  has  amounted  to  one  of  sufficient 
tension,  the  negative  electricity  rushes  towards  the  positive  elec- 
tricity of  the  conductor.  It  is  this  neutralisation  or  discharge  of 
the  electric  state  of  the  conductor  which  constitutes  the  spark. 

If,  instead  of  connecting  the  rubbers  with  the  earth,  they  are  left 
insulated,  and  the  prime  conductor  iminsulated,  then  sparks  will 
pass  between  the  rubbers  and  a  conducting  body  in  electrical 
communication  with  the  earth ;  and  if  both  rubbers  and  prime 
conductor  be  insulated,  but  connected  together  by  a  metallic  wire, 
no  trace  of  electricity  can  be  obtained  from  any  part  of  the  machine. 
Thus,  in  order  to  get  any  development  of  electricity,  there  must  be, 
either  with  the  rubber  or  with  the  prime  conductor,  electrical 
communication  with  the  earth  as  the  great  natural  reservoir  of 
electricity. 

(19)  Tbe  Bytfro-Bleetrio  Maoliine.  —  Under  the  head  of 
Frictional  Electricity  must  be  included  the  remarkable  source  of 
development  by  effluent  steam,  which,  in  the  hands  of  Faraday, 
Armstrong,  Ibbetson,  and  others,  has  led  to  the  construction  of 
machines  capable  of  producing  electricity  in  enormous  quantity. 

The  first  account  we  have  of  an  observation  on  the  electricity  of 
a  jet  of  steam  is  contained  in  a  letter  addressed  to  Professor  Faraday 
by  Mr.  (now  Sir  William)  Armstrong  (Phil,  Mag,  vol.  xvii.). 

The  phenomenon  was  first  noticed  by  a  workman :  it  happened  that  the 
cement  by  which  the  safety-valve  was  secured  to  a  boiler  had  a  crack  in  it, 
and  through  this  fissure  a  copious  horizontal  jet  of  steam  constantly  issued* 
Soon  after  this  took  place,  tbe  engine-man,  having  accidentally  one  of  his 
hands  immersed  in  the  issuing  steam,  presented  the  other  to  the  lever  of  the 
valve  with  the  view  of  adjusting  the  weight,  when  he  was  greatly  surprised 
by  the  appearance  of  a  brilliant  spark  which  passed  between  the  lever  and 
his  hand,  and  was  accompanied  by  a  violent  wrench  in  his  arms,  wholly 
unlike  anything  he  had  ever  experienced  before. 

A  series  of  experiments  instituted  by  Mr.  Armstrong  led  him  to 
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the  conclufiion  that  the  excitAtion  of  electricitj  takes  place  at  the 
point  where  the  steam  is  subjected  to  friction ;  and  it  was  sub- 
sequently shown  by  Faraday  that  the  presence  of  water  is  necessary, 
and  that  in  fact  the  generation  of  electricity  is  the  result  of  the 
friction  of  condensed  particles  of  water  whilst  being  driyen  by  the 
issuing  steam  through  the  jet  from  which  it  escapes. 
The  hydro-electric  machine  is  shown  in  Fig.  14. 


The  boiler  is  2  ft.  6  in.  in  length,  and  i  ft.  2  in.  in  diameter ;  a  is  the  door 
of  the  fire-place ;  b  C5,  the  conductor  for  collecting  electricity  from  the  steam ; 
c,  the  collecting  points ;  b,  a  glass  insulating  stem ;  d,  the  escape- tubes  and 
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jets,  of  peculiar  construction,  and  made  of  partridge  wood ;  e,  the  condensing 
vessel  inclosing  the  iron  pipes  by  which  the  steam  is  conveyed  to  the  jets. 
The  lower  part  of  the  condensing  vessel  contains  water,  which  nearly  reaches 
the  lower  end  of  the  steam-pipes ;  from  the  latter  are  suspended  filaments  of 
cotton,  which  dip  into  the  water,  and  by  capillary  action  raise  just  sufficient 
to  cause,  by  its  action  on  thii  pipes,  a  condensation  of  the  requisite  quantity 
of  water  for  rubbing  against  the  jets ;  f  o  is  the  cock  for  letting  off  the 
steam ;  h,  the  chimney ;  1 1 1 1,  the  insulating  glass  pillars ;  k  k,  the  frame 
moving  on  castors;  a  a,  the  water-gauge;  /e,  condensing  pipes  for  showing 
the  effect  of  impregnating  the  ejected  water  with  extraneous  substances,  and 
for  exhibiting  two  jets  of  steam  simultaneously,  issuing  from  the  boiler  in 
opposite  states  of  electricity ;  6,  the  cock  for  introducing  extraneous  matter ; 
c  d,  cocks  for  admitting  steam  to  the  pipes ;  ^,  the  safety-valve ;  A,  the 
escape-pipe  for  the  vapour  of  the  condensing  tube.  The  fuel  is  charcoal. 
When  in  good  working  order,  a  machine  of  the  above  size  will  produce,  ac- 
cording to  the  makers,  as  much  electricity  as  three  30-inch  plate  machines. 

The  electricity  produced  by  the  hydro-electric  machine  is  more 
remarkable  for  its  enormous  quanti^  than  for  high  intensity.  A 
magnificent  machine  was  some  years  ago  constructed  for  the  Eoyal 
Polytechnic  Institution^  under  the  superintendence  of  Messrs. 
Armstrong  and  Ibbetson.  The  maximum  spark  obtained  in  the 
open  air  was  22  inches  in  length.  While  working  in  the  lecture- 
room  of  the  institution  the  length  of  the  spark  rarely  exceeded  14 
inches,  but  it  was  capable  of  charging  80  feet  of  coated  glass  in  6 
or  8  seconds,  to  do  which  required  from  a  glass  plate  machine  7 
feet  in  diameter  about  50  seconds.  A  still  more  powerful  machine 
was  constructed  for  the  use  of  an  institution  in  America.  The 
steam  was  made  to  issue  through  140  jets.  The  sparks  obtained 
were  not  longer  than  those  obtained  from  the  London  machine,  but 
they  succeeded  each  other  with  three  or  four  times  the  rapidity, 
and  charged  to  the  utmost  degree  that  it  could  bear  a  battery  of 
thirty-six  Leyden  jars,  each  containing  33  feet  of  coated  surface, 
upwards  of  sixty  times  in  a  minute. 

(zo)  Blfferent  forms  of  BinuptiTe  Blacbarre. — The  dis- 
charge which  takes  place  between,  two  conducting  surfaces  is 
termed  disruptive, 

*  It  is,*  according  to  Faraday's  view, '  the  limit  of  the  influence 
which  the  intervening  air  or  dielectric  exerts  in  resisting  discharge. 
It  occurs  not  when  all  the  particles  have  attained  to  a  certain 
degree  of  tension,  but  when  that  particle  which  is  most  affected 
has  been  exalted  to  the  subverting  or  tummg  point;  all  must  then 
give  way,  since  they  are  linked  together,  as  it  were,  by  the  in- 
fluence of  the  constraining  force,  and  the  breaking  down  of  one 
particle  must  of  necessity  cause  the  whole  barrier  to  be  over- 
turned.' 
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(a)  i^rk  discharge, — This  may  be  considered  as  the  destruo 
tioiif  by  a  convulsive  effort,  as  it  were,  of  the  polarized  inductive 
^tate  of  many  dielectric  particles  by  a  particular  action  of  a  few 
occupying  a  limited  space,  '  all  the  previously  polarized  particles 
returning  to  their  first  or  normal  condition  in  the  inverse  order  in 
which  they  left  it,  and  uniting  their  powers  meanwhile  to  produce 
or  rather  to  continue  the  discharge  effect  in  the  place  where  the 
subversion  of  force  first  occurred/  (Faraday,  Ex.  Research,  1 3th 
and  14th  series.) 

Several  circumstances  contribute  to  exert  a  marked  influence  on 
the  character  and  appearance  of  the  electric  spark.  If  a  large 
uninsulated  metallic  ball  be  brought  within  striking  distance  of  an 
equal  sized  ball  attached  to  the  prime  conductor  of  a  machine  in 
vigorous  action,  the  sparks  are  short,  straight,  brilliant,  and 
sonorous  \  if  the  ball  attached  to  the  prime  conductor  be  small  (an 
inch  or  so  in  diameter),  the  sparks  are  no  longer  straight,  but  tbey 

Fig.  »5. 


are  much  longer  and  less  luminous.  They  have  now  a  crooked 
or  zigzag  appearance,  reminding  forcibly  of  that  form  of  lightning 
called  '  forked  lightning.'  The  sparks  from  the  rubber  or  negative 
conductor  are  much  shorter  and  less  brilliant  than  those  from  the 
positive  conductor. 

The  electric  spark  presents  different  appearances  in  different 
elastic  media. 

In  car  they  have,  when  obtained  with  brass  balls,  a  well-known  intense 
light  and  bluish  colour,  with  frequently  faint  or  dark  parts  in  their  course, 
when  the  quantity  of  electricity  passing  is  not  great 

In  nitrogen  they  are  very  beautiful,  having  the  same  general  appearance 
as  in  air,  but  more  colour  of  a  purple  or  bluish  character. 

In  oxygen  they  are  brighter,  but  not  so  brilliant  as  in  common  air. 

In  hydrogen  they  are  of  a  fine  crimson  colour,  but  have  very  little  sound  in 
consequence  of  the  physical  character  of  the  gas. 

In  carbonic  acid  gtu  they  have  the  same  general  appearance  as  in  air,  but 
are  remarkably  irregular.  Sparks  can  be  obtained  under  similar  circum- 
stances  much  longer  than  in  air,  the  gas  sho>ving  a  singular  readiness  to 
pass  the  discharge. 

In  muriatic  acid  gas,  when  dry,  they  are  nearly  white,  and  almost  always 
bright  throughout 
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Fig.  27. 


In  coal  gas  they  are  Bometimes  green,  sometimes  red ;  occasionally  one 
part  19  green  and  another  red.  Black  parts  also  occur  very  suddenly  in  the 
line  of  the  spark,  t.«.  they  are  not  connected  by  any  dull  part  with  bright 
portions,  but  the  two  seem  to  join  directly  the  one  with  the  other. — Faraday. 

The  pressure  or  density  of  the  air  exercises  a  great  influence  on 
the  spark  disruptive  discharge,  Harris  found  {PML  Trans,  1834) 
that  the  quantities  of  electricity  required  to  produce  discharge 
across  a  constant  interval  varied  exactly  with  the  variations  of 
density,  the  quantity  of  electricity  and  density  of  the  air  being  in 
the  same  simple  ratio.  Or,  if  the  quantity  retained  were  the  same, 
whilst  the  interval  and  density  of  the  air  were  varied,  then  these 
were  found  in  the  inverse  simple  ratio  of  each  other,  the  same 
quantity  passing  across  twice  the  distance  with  air  rarefied  to  one 
half. 

For  illustrating  the  influence  of  the  condensation  and  rarefaction  of  air, 
and  for  examining  the  effects  of  different  gases 
on  the  colour  and  appearance  of  the  electric 
spark,  the  simple  apparatus  shown  in  Fig.  26 
may  be  employed.  It  consists  of  a  glass  globe 
about  four  inches  in  diameter,  provided  at 
each  end  with  a  brass  cap ;  to  one  of  which  a 
stop  cock  is  screwed,  with  a  wire  and  ball  pro- 
jecting into  the  globe, 

and  through  the  other 

a   similar  wire   slides 

through    a    collar    of 

leather,   so    that   the 

balls   may  be   set   at 

any  required  distance 

from  each  other  in  the 

globe.    The  apparatus 

may  be  exhausted  by 

the  air  pump,  or  the 

air  may  be  condensed 

in  it  by  a  condensing 

syringe. 
The  apparatus  shown 

in    Fig.  27   may   also 

be  used  for  performing 

some  striking  experi- 
ments.    The    receiver 

having  been  exhausted 

is  screwed  on  a  transfer 

plate,   which   is  con- 
nected by  a  wire  with 
the  negative  conductor :  the  upper  ball  being  connected  with  the  positive. 
The  balls  should  be  set  at  a  distance  of  about  5  or  6  inches  apart    On 
taming  tlie  machine  a  current  of  beautiful  light  passes  from  the  positive  to 
the  neg^ttive  ball,  on  which  it  breaks  and  divides  into  a  luminous  atmot 
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Fig.  26. 
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sphere,  entirely  sarroandin^  the  lower  ball  and  stem ;  and  conye^nng  in  a 
striking  manner  the  idea  of  a  flaid  mnning  over  the  surface  of  a  resisting 
solid,  which  it  cannot  enter  with  facility.  No  appearance  of  light  occurs  on 
the  positive  ball,  bnt  the  straight  luminous  line  that  passes  from  it  If, 
however,  it  be  rendered  negative  and  the  lower  ball  positive,  these  effects 
are  reversed. 

Let  a  glass  tube,  two  or  more  feet  long  and  furnished  at  either  end  with  a 
brass  ball  projecting  into  its  interior,  be  well  exhausted  of  its  air;  let  b  be 
connected  with   the  prime  conductor  and  b'  with  the  earth,  when  the 


machine  is  turned,  induction  taking  place  with  increased  facility  in  conse- 
quence of  the  rarefaction  of  the  air,  discharge  takes  place  through  the  tube, 
filling  it  with  a  beautiful  blue  light,  closelj  resembling  the  aurora  borealis. 


Fig.  19- 


Fig.  30. 


Spark  discharge,  immediately  following  exalted 
induction,  is  beautifully  illustrated  by  the  *  magic 
pane,'  which  is  merely  a  plate  of  glass  on  which  are 
pasted  some  strips  of  tin  foil,  having  portions  cut 
out  so  that  the  space  represents  letters  as  shown  in 
the  figure.  On  connecting  the  first  piece  of  foil  with 
the  conductor  and  the  last  with  the  ground,  the  letters 
will  appear  in  characters  of  fire  in  consequence  of 
luminous  discharge  taking  place,  apparently  at  the 
same  moment,  across  all  the  open  spaces.  In  a  similar 
manner  lozenge  shaped  pieces  of  tin  foil  may  be  ar- 
ranged spirally  round  a  glass  tube,  3  or  4  feet  long; 
a  beautiful  spiral  line  of  sparks  is  produced,  on  bring- 
ing one  end  of  the  tube  within  striking  distance  of  the  prime  conductor  and 
holding  the  other  end  in  the  hand. 

Fig.  30  represents  an  arrangement  for  exhibiting  the  revolution  of  a 
spotted  tube.    It  is  made  of  a  glass  tube,  blown  smooth  and  round  at  one 
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end  and  open  at  the  other:  it  should  be  about  ten  ioches  long  and  three 
qaarters  of  an  inch  in  diameter.  A  ball  or  piece  of  smooth  tin  foil  is  fixed 
on  the  npper  closed  end,  and  the  usual  spots  of  foil  carried  in  a  spiral  form  to 
the  lower  open  end.  A  cap,  either  of  wood  or  brass,  is  cemented  on  the  out- 
side of  the  lower  end  of  the  tube,  from  which  four  wires  project  outwards, 
having  their  points  bent  at  right  angles.  Ihe  tube  is  then  set  on  an  up- 
right wire  which  passes  npwanls  into  the  tube  to  its  top,  and  this  wire  is 
then  set  on  an  insulated  stand  and  brought  near  the  prime  conductor.  It 
can  thus  revolve  with  great  ease. 

(b)  Brush  discharge,  —  This  has  been  shown  by  Professor 
Wheatstone  to  consist  of  successive  mtermitting  discharges^  although 
it  appears  continuous.  It  is  in  reality  a  discharge  between  a  bad 
or  a  non-conductor,  and  either  a  conductor  or  another  non-con- 
ductor. According  to  Faraday  it  may  be  considered  as  a  spark  to 
air]  a  diflFiision  of  electric  force  to  matter,  not  by  conductior^,  but 
1)/  disruptive  discharge.  He  explains  the  phenomenon  on  the 
principle  of  induction,  which,  taking  place  between  the  end  of  an 
electrified  rod  and  the  walls  of  a  room  across  the  dielectric  air, 
polarizes  the  particles  of  air ;  those  which  are  nearest  to  the  end 
of  the  wire  being  most  intensely  polarized,  and  those  situated  in 
sections  across  the  lines  of  inductive  force  towards  the  wall  being 
least  polarized.  In  consequence  of  this  state,  the  particle  of  air  at 
the  end  of  the  wire  is  at  a  tension  that  will  immediately  terminate  in 
discharge,  while  in  those  even  only  a  few  inches  oiF  the  tension  is 
still  beneatb  that  point.  When  discharge  takes  place  the  particle 
of  air  in  the  immediate  vicinity  of  the  rod  instantaneously  resumes 
its  polarized  state,  the  wire  itself  regaining  its  electrical  state  by 
induction,  the  polarized  particle  of  air  exerts  a  distinct  inductive 
act  towards  the  further  particles,  and  thus  a  progressive  discharge 
firom  particle  to  particle  takes  place. 


The  general  appearance  of  a  good  brush  is  re- 
fvresented  in  Fig.  31.  It  may  be  thus  produced 
by  attaching  to  the  pri;ne  conductor  of  a  powerful 
electrical  machine  a  long  brass  rod  terminated  by 
a  brass  ball  about  07  of  an  inch  in  diameter.  If 
the  machine  be  not  in  very  good  action,  many 
ways  of  assisting  the  formation  of  a  brush  may 
be  resorted  to :  thus  the  hand  or  any  large  con- 
dticting  surface  may  be  approached  towards  the 
ban  to  increase  the  inductive  force ;  or  the  ter- 
minal ball  may  be  smaller,  and  of  badly  conducting 
matter  such  as  wood;  or  (which  gives  to  the 
brashes  exceedingly  fine  characters  and  great 
magnitude)  the  air  round  the  termination  may  be 
nrefied,  more  or  less,  either  by  heat  or  the  air 
piiinp. 
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By  making  a  small  ball  positive  by  a  good  electrical  machine  with  a  large 
prime  conductor,  and  approaching  a  large  uninsulated  discharging  ball  to- 
wards it,  Tery  beaatifal  va- 
pj  nations  fh>m  the  spark  to 

the  brush  may  be  obtained. 
Figs.  32,  33,  34  represent 
the  various  forms  assumed 
by  the  brush  on  bringing 
:v'  a  knobbed  conductor  into 

different  positions  near  the 
discharging  ball ;  the  curv- 
ature of  the  ramifications 
illustrating  in  a  beautiful 
manner  the  curved  form  of 
the  lines  of  inductive  force 
existing  previous  to  dis- 
charge, in  the  same  man- 
ner as  iron  filings  strewed 
on  a  sheet  of  paper  placed 
over  a  magnet  represent 
magnetic  curves. 

Faraday  found  that,  like 

the  spark,  the  brush  has 

tpecific   chariuterz  in   dif- 

Fig.  33.  ferent    gases.    In  nitrogen 

,.v/:-r/;7£.v.,.  they  could  be  obtained  with 

/'';'J^'-lvJ^^^?M''•^  ^^^  g^reater  facility  than  in 

iv^0-?^&I}^^^\  any  other  gas,  and  when 

^^0^^^^cff^ii^i^  the  gas  was  rarefied  they 

^^^'-''^       "''-^l^^i  were   exceedingly  fine  in 

''^'  ^^Y\ -T        form*  light,  and  colour;  in 

oxygen  on  the  other  hand. 


they  were  very  poor. 

Brush  discharge  is  ac- 
companied with  a  low  dull 
chattering  sound.  The  ge- 
neral brush  is  resolvable 
into  a  number  of  individual  brushes,  each  of  which  is  the  result  of  a  single 
discharge,  and  the  sound  is  due  to  the  recurrence  of  Uie  noise  of  each  sepa- 
rate discharge. 

Fig.  34. 


(c)  GJ010  disc?iarffe,  ^When  a  fine  point  is  used  to  produce 
disruptive  discharge  from  a  positively  charged  conductor^  the  brush 
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gives  place  to  a  quiet  phosphorescent  Continuous  glow  covering  the 
whole  end  of  the  wire  and  extending  a  small  distance  into  the  air. 
Glow  discharge,  like  brush  discharge,  is  always  accompanied  by  a 
wind  proceeding  either  directly  out  from  the  glowing  part  or 
directly  towards  it.  It  appears  to  be  due  to  a  continuous  charge  or 
discharge  of  air. 

Occasionally  glow  takes  the  place  of  brash  when  a  rounded  wire  o'3  of  an 
inch  in  diameter  is  used,  and  the  finer  the  point  the  more  readily  is  it  pro- 
duced. It  is  surprisingly  favoured  by  rarefaction  of  the  air.  A  brass  ball 
about  2^  inches  in  diameter,  when  made  positive  in  an  air  pump  receiver, 
becomes  covered  with  a  glow  over  an  area  of  two  inches  in  diameter  when 
the  pressure  is  reduced  to  45  inches  of  mercury.  By  a  little  adjustment 
Faraday  succeeded  in  covering  the  ball  all  over  with  this  light :  using  a 
brass  ball  1*25  inch  in  diameter,  and  making  it  inducteously  positive  b}*  an 
inductric  negative  point,  the  phenomena  at  high  degrees  of  rarefacMon  were 
exceedingly  beautiful.  The  glow  came  over  the  positive  ball  and  gradually 
increased  in  brightness  until  it  was  at  last  very  luminous,  and  stood  up  like 
a  low  flame,  half  an  inch  or  more  in  height. 

On  touching  the  sides  of  the  glass  jar,  this  lambent  flame  was  affected, 
assumed  a  ring  form  like  a  crown  on  the  top  of  the  ball,  appeared  flexible, 
and  revolved  with  ft'comparatively  slow  motion,  L  e.  about  four  or  five  times 
in  a  second. 

(21)  BIsraptlTe  disctaargre  at  positive  and  negratlTe  oon- 
dncstliier  surfaces.  —  According  to  Faraday, 
the  effect  varies  exceedingly  under  different  Fig.  35. 

circumstances.  With  bad  conductors,  or  with 
metallic  conductors  charged  intermittingly, 
the  luminous  appearance  at  the  end  of  wire 
charged  positively  assumes  the  form  of  a  brush, 
and  that  at  the  end  of  a  wire  charged  ne- 
gatively the  form  of  a  star,  as  shown  in  Fig.  35. 
But  if  the  metallic  points  project  freely  into 
the  air  the  positive  and  negative  lights  differ 
very  little  in  appearance. 

1.  If  a  metallic  wire,  with  a  rounded  termination 
in  free  air,  be  used  to  produce  the  brushy  discharge, 
then  the  brushes  obtained  when  the  wire  is  charged 
negatively  are  very  poor  and  small  by  comparison 
with  those  produced  when  the  charge  is  positive. 

2.  If  a  large  metal  ball  connected  with  the  elec- 
trical machine  be  charged  positiveh/y  and  a  fine  un- 
inralatcd  point  be  gradually  brought  towards  it,  a 
star  appears  on  the  point  when  at  a  considerable  dis- 
tance, which,  though  it  becomes  brighter,  does  not  change  its  form  of  star 
until  it  is  close  up  to  the  ball ;  whereas,  if  the  ball  be  charged  negatively^ 
the  point  at  a  considerable  distance  has  a  star  on  it  as  before,  but  when 
brought  within  about  i^  inch  a  brush  forms  on  it;  and  when  still  nearer 
(at  I  of  an  inch  distance),  the  brush  ceases  and  bright  sparks  pass. 
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The  successive  discharges  from  a  rounded  metallic  rod  0*3  of  an 
inch  in  diameter  projecting  into  the  air,  are  when  the  rod  is  charged 
negatively  very  rapid  in  their  recurrence,  being  seven  or  eight  times 
more  numerous  in  the  same  period  than  those  produced  when  the 
rod  is  charged  positively  to  an  equal  degree ;  but  each  brush  carries 
off  far  less  electric  force  in  the  former  pase  than  in  the  latt«r. 
Faraday  also  perceived  an  important  variation  in  the  relative  forms 
and  conditions  of  the  positive  and  negative  brush  by  varying  the 
dielectric  in  which  they  were  produced.  Generally  speaking,  when 
two  similar  small  conducting  surfaces  equally  placed  in  air  are 
electrified,  one  positively  and  the  other  negatively,  that  which  is 
negative  can  discharge  to  the  air  o^  a  tension  a  little  J<ywer  than 
that  required  for  the  positive  ball,  and  when  discharge  does  take 
place  much  more  passes  at  each  time  from  the  positive  than  from 
the  negative  surface. 


CHAPTER  IV. 


The  Lerden  Phial  and  Battery— Laws  of  Accnmulated  Electricity— Velocity 
of  Electricity— Physiological,  Chemical,  and  Magnetic  Effects. 

(22)  BlscoTeryof  the  Blectrlc  or  Ibeyden  Pblal.— It  was  in 

the  years  1 745  and  1 746  that  those  celebrated  experiments  which 
for  many  years  drew  the  almost  exclusive  attention  of  men  of 
science  to  the  subject  of  electricity  were  made  by  Kleist,  Muschen- 
broek  and  Cuneus. 

Muschenbroek  and  his  associates  having  observed  that  electrified 
bodies  exposed  to  the  atmosphere  speedily  lost  their  electric  ^  virtue,^ 
conceived  the  idea  of  surrounding  them  with  an  insulating  sub- 
stance, by  which  they  thought  that  their  electric  power  might  be 
preserved  for  a  longer  time.  Water  contained  in  a  glass  bottle 
was  accordingly  electrified,  but  no  remarkable  results  were  obtained 
till  one  of  the  party  who  was  holding  the  bottle  attempted  to  dis- 
engage the  wire  communicating  with  the  prime  conductor  of  a 
powerful  machine ;  the  consequence  was,  that  he  received  a  shock 
which,  though  slight  compared  with  such  as  are  now  frequently 
taken  for  amusement,  his  fright  magnified  and  exaggerated  in  a 
ludicrous  manner. 

The  following  is  an  extract  from  a  letter  written  by  Von  Kleist 
(who  appears  to  have  been  the  real  discoverer  of  the  electric  phial) 
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to  Dr.  Lieberkiilin  of  Berlin,  dated  Nov.  4, 1745,  and  communicated 
by  him  to  the  Berlin  Academy : — 

*  When  a  nail  or  a  piece  of  brass  wire  is  pat  into  a  small  apothecar}''s 
phial  and  electrified,  remarkable  effects  follow ;  but  the  phial  must  be  very 
dry  and  warm :  I  commonly  rub  it  over  beforehand  with  a  finger,  on  which 
I  put  some  pounded  chalk.  If  a  little  raercurj',  or  a  few  drops  of  spirits  of 
wine,  be  put  into  it,  the  experiment  succeeds  the  better. 

*  As  soon  as  this  phial  and  nail  are  removed  from  the  electrifying  glass,  or 
the  prime  conductor  to  which  it  hath  been  exposed  is  taken  away,  it  throws 
out  a  pencil  of  flame  so  long  that,  with  this  burning  machine  in  m}'  hand,  I 
have  taken  about  sixty  steps  in  walking  about  my  room.  When  it  is 
electrified  strongly  I  can  take  it  into  another  room,  and  then  fire  spirits  of 
wine  with  it.  If,  while  it  is  electrifying,  I  put  my  finger  or  a  piece  of  gold 
which  I  hold  in  my  hand  to  the  nail,  I  receive  a  shock  which  stuns  my  arms 
and  shoulders.' 

Muschenbroek  in  a  letter  to  Reaumur  describing  the  effect  pro- 
duced on  himself  by  taking  the  shock  from  a  thin  glass  bowl,  says, 
'  I  felt  myself  struck  in  my  arms,  shoulders,  and  breast.  I  lost  my 
breath,  and  it  was  two  days  before  I  recovered  from  the  effects  of 
the  blow  and  the  terror.'  He  adds,  '  I  would  not  take  a  second 
shock  for  the  kingdom  of  France.'  AUamand,  on  receiving  the 
shock,  declared  '  that  he  lost  the  use  of  his  breath  for  some 
minutes,  and  then  felt  so  intense  a  pain  along  his  right  arm  that 
he  feared  permanent  injury  from  it.'  Winkler  stated  that  the  first 
time  he  underwent  the  experiment  '  he  suffered  great  convulsions 
through  his  body ;  that  it  put  his  blood  in  agitation ;  that  he  feared 
an  ardent  fever,  and  was  obliged  to  have  recourse  to  cooling  medi- 
cines.' Such  was  the  alarm  with  which  those  early  electricians 
were  struck  by  a  sensation  which  thousands  have  since  experienced 
in  a  much  more  powerful  manner  without  the  slightest  inconve- 
nience. It  serves  to  show  how  cautious  we  should  be  in  receiving 
the  first  account  of  extraordinary  discoveries  where  the  imagina- 
tion is  likely  to  be  afiected. 

(23)  Principles  of  tbe  Ibeyden  Ptalal. — It  has  been  shown 
(13)  that  a  higher  charge  may  be  communicated  to  the  gold 
leaf  electroscope  whilst  it  is  under  the  influence  of  an  uninsulated 
conductor.  To  illustrate  this  property,  we  have  only  to  bring  the 
plate  Af  b'  (Fig.  1 9),  as  close  as  possible  without  touching  to  the 
plate  A  B,  and  communicate  a  charge  to  the  latter ;  then  on  re- 
moving Af  Tsf  the  accumulation  which  has  been  effected  will  be 
indicated  by  an  expansion  of  the  gold  leaves  considerably  beyond 
the  original  amount. 

When  an  excited  glass  tube  is  brought  near  to  the  cap  of  the 
electroscope,  the  second  plate  (connected  with  the  earth)  being 
close  to  it,  the  gold  leaves  do  not  open  nearly  so  much  as  if  the 
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second  plate  were  not  there^  because  induction  taking  place  through 
the  intervening  stratum  of  air  to  the  nearest  body,  viz.,  the  second 
or  inducteotu  plate,  the  electricity  of  the  same  kind  as  that  -with 
which  the  cap  of  the  electroscope  is  charged  becomes  diffused  over 
the  earth  (13);  but  when  the  second  plate  is  removed,  the 
leaves  diverge  much  more  than  if  it  had  not  been  there,  because 
the  instrument  has  received  a  higher  charge.  Now  in  this  case 
the  intervening  air  has  received  a  higher  polar  tension,  arising  from 
the  close  proximity  of  the  charged  body  to  a  conductor  to  the 
earthy  the  thinner  the  intervening  stratum  of  air,  the  higher  the 
degree  of  polar  tension  that  may  be  attained,  and  the  rise  of  force 
is  limited  by  the  mobility  of  the  particles  of  air  in  consequence 
of  which  the  electrical  equilibrium  is  restored  either  silently  or  by 
a  spark. 

Now  if  instead  of  a  plate  or  stratum  of  air  we  employ  a  solid 
dielectric  such  as  glass  or  gutta  percha,  the  tension  which  may  be 
assumed  is  limited  only  by  the  cohesive  force  of  the  dielectric. 
Thus  if  we  place  a  plate  of  glass  or  a  sheet  of  guttapercha  between 
two  circular  pieces  of  tin,  insulate  and  connect  one  plate  with  the 
prime  conductor  of  an  electrical  machine,  we  shall  have  an  arrange- 
ment precisely  similar  to  the  condenser  (Figs.  1 9  and  20),  except  that 
the  intervening  dielectric  is  glass  or  gutta  percha  instead  of  air ; 
on  connecting  the  other  plate  with  the  earth  to  destroy  its  polar 
state,  and  working  the  machine,  the  particles  of  glass  will  become 
powerfully  polarized ;  and  if  instead  of  connecting  one  of  the  plates 
with  the  earth  we  touch  it  from  time  to  time  with  the  knuckle,  a 
series  of  sparks  will  be  obtained ;  after  a  time  these  will  cease,  and 
on  removing  the  wire  connecting  the  plate  with  the  prime  con- 
ductor, and  insulating  the  arrangement,  that  plate  will  be  found 
to  be  charged  with  positive  electricity  and  the  other  plate  with 
negative,  if  now  both  plates  be  connected  by  a  curved  metallic 
wire,  the  polar  tension  of  the  glass  or  gutta  percha  will  be  re- 
lieved, and  discharge  will  occur  attended  with  a  vivid  spark  and  a 
loud  snap. 

The  same  effects  will  be  produced  by  coating  both  sides  of  a  plate 
of  glass  with  tin  foil,  leaving  about  i  ^  inch  all  round  uncovered,  and 
it  is  quite  clear  that  the  surfaces  of  dielectrics  and  conductors  may 
be  arranged  in  different  forms  without  impairing  the  effects*  Glass 
jars  or  bottles  are  foimd  more  convenient  in  practice  than  squares 
of  glass.  A  glass  jar  or  bottle  thus  coated  with  tin  foil  is  cfdled  a 
Leydenjar  in  honour  of  the  place  of  its  discovery. 

The  quantity  of  electricity  which  may  be  accumulated  in  a  jar 
depends  upon  the  extent  of  the  coated  surface.  The  intensity  depends 
jpn  the  thickness  of  the  glass.     But  in  practice  it  is  found  imp08^ 
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isible  to  diminish  the  thickness  of  the  glass  beyond  a  certain  extent, 
as  the  constrained  position  of  its  polarized  particles  is  apt  to  rise 
so  high  as  to  destroy  its  cohesive  force  and  the  charge  breaks  its 
way  through  the  glass. 

(24)  Constmotion  of  the  Ibeyden  Ptalal  — 

Fig.  36  represents  a  Leyden  phial  of  the  usual  construction,  \Vith  the  dis* 
charging  rod  furnished  with  a  glass  handle  in  the  position  in  which  it  is 
placed  in  the  act  of  discharging  a  jar  by  esta- 
blishing a  metallic  communication  between  the  Fig.  37. 
outer  and  inner  metallic  coatings.  The  wire  which 
passes  through  the  varnishe<l  mahogany  cover  of 
the  jar,  is  terminated  at  one  end  by  a  brass  ball, 
and  at  the  other  by  a  chain  reaching  to  the  bottom 
of  the  jar. 

By  the  construction  shown  in  Fig.  37,  the  in- 
fluence of  external  causes  in  dissipating  the  charge 
of  a  Leyden  jar  may,  to  a  considerable  extent,  be 
prevented.    The  jar  is  coated^ with  tin  foil  as 


Fig.  j6. 


usual,  but  a  glass  tube,  lined  internally  to  rather  more  than  half  its  length 
from  the  bottom  and  surmounted  with  a  glass  cap,  is  cemented  firmly  into 
the  wooden  cover.  A  communication  is  established  between  the  brass  cap 
and  the  internal  coating  by  a  small  brass  wire,  passing  loosely  through  it 
and  terminating  in  a  small  knob.  The  wire  touches  the  inside  of  the  glass 
tube.  The  jar  is  charged  in  the  usual  manner;  the  wire  may  then  be 
removed  by  inverting  the  jar;  the  internal  coating  is  thus  cut  off  from 
contact  with  the  external  air,  and  the  dissipation  of  the  charge  prevented. 
Jars  thus  arranged  have  been  known  to  retain  their  charge  for  days,  and 
even  for  weeks. 

Sir  W.  S.  Harrises  method  of  fitting  up  electric  jars  is  shown  in  Fig.  38. 
The  mouths  are  open,  and  the  charge  is  conveyed  to  the  bottom  of  the  jar 
by  a  copper  tube,  o  h,  three-eighths  of  an  inch  in  diameter.  This  tube  ter- 
minates in  a  ball,  f,  of  baked  wood,  and  is  kept  in  its  place  by  a  convenient 
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foot  firmly  cemented  to  the  bottom  of  the  jar,  which  is  previously  covered 
with  a  circle  of  pasted  paper,  leaving  a  eentral  por- 
tion of  the  coating  free  for  the  perfect  contact  of 
the  charging  rod  g  h,  which  passes  throngh  the 


Fig.  J8, 


Fig.  39- 


Fig.  40. 


^or^fQ 


centre  of  the  foot,  as  shown  by  the  dotted  lines  in  the  figure.  When  the  jars 
•  are  employed  singly,  they  should  be  placed  on  a  conducting  base,  supported 
by  short  columns  of  varnished  glass,  so  that  if  necessary  they  may  be  insulated. 

(25)  Ctaarg^ingr  and  Biscbargringr  Blcctrometers. — The  quan- 
tity of  electricity  accumulated  in  a  jar  or  battery  (Figs.  36  and  43) 
may  be  roughly  estimated  by  the  number  of  turns  of  the  machine, 
or  more  correctly,  by  the  unit  jar ;  its  intensity  may  be  determined 
approximatively  by  the  amount  of  repulsion  between  any  two 
moveable  bodies  under  its  influence. 

The  instrument  shown  in  Fig.  39  is  known  as  Jlenley^s  Quadrant  Electro^ 
meter.  It  consists  of  a  graduated  semicircle  of  ivory  a,  fixed  to  a  rod  of ' 
wood  d.  From  the  centre  of  ft  a  light  index  of  dry  straw  descends,  ter- 
minating in  a  pith-ball,  and,  readily  moveable  on  a  pin.  To  use  it,  it  is 
removed  from  its  stand  and  fixed  in  a  hole  on  the  top  of  the  ball  of  the 
jar,  the  charge  of  which  it  is  intended  to  indicate ;  as  the  charge  increases 
the  pith-ball  moves  from  its  centre  of  suspension  and  measures  the  intensity 
upon  the  graduated  semicircle. 

Fig.  40  represents  the  apparatus  contrived  by  Mr.  Lane  for  regulating  the 
explosions  from,  a  Leyden  phial :  a  is  the  prime  conductor,  6  the  jar,  on  the 
wire  communicating  with  the  interior  of  which  is  fixed  the  arm  of  {l  bent 
varnished  glass  rod  c,  and  on  the  end  of  this  is  cemented  the  brass  knob  d  : 
through  this  ball  the  wire  /  d  slides,  so  that  d  may  be  brought  to  any 
required  distance  from  the  knob  of  the  jar  e.  A  simple  inspection  of  the 
figure  will  show  how  this  discharging  electrometer  acts,  and  how  by  in- 
creasing or  lessening  the  distance  between  d  and  e  the  strength  of  the  charge 
may  be  regulated. 
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Fig.  41  represents  Cuthbertson't  Balance  Electrometer,  A  B  is  a  Wooden 
stand  about  iS  inches  long  and  6  broad,  in  which  are  fixed  two  glass  sup- 
ports d  e,  tnounted  ¥rith  brass  balls ;  under  d  is  a  brass  hook.  The  ball  b 
is  made  of  two  hemispheres,  the  under  one  being  fixed  to  the  brass  mount- 
ing, and  the  upper  one  turned  with  a  groove  to  shut  upon  it,  so  that  it  can 
be  taken  off  at  pleasure ;  it  is  screwed  to  a  brass  tube  about  four  inches  long, 
fitted  on  to  the  top  of  e;  ^  A  is  a  straight  brass  wire,  with  a  knife-edged 
centre  in  the  middle,  placed  a  little  below  the  centre  of  gravity,  and  equally 
balanced  with  a  hollow  brass  ball  at  each  end,  the  centre  or  axis  resting 


Fig.  41. 


upon  a  proper  shaped  piece  of  brass  fixed  in  the  inside  of  the  ball  b ;  that 
part  of  the  hemisphere  towards  h  is  cut  open  to  permit  that  end  of  the 
balance  to  descend  till  it  touches  dy  and  the  upper  hemisphere  b  is  also  cut 
open;  the  arm  g  is  divided  into  sixty  divisions,  and  is  furnished  with  a 
slider,  to  be  set  at  the  number  of  divisions  which  the  experiment  requires; 
A  is  a  Henley's  electrometer  screwn  upon  the  top  of  b.  The  slider  is  placed 
loosely  on  the  arm  of  g,  so  that  as  soon  as  p  A  is  out  of  the  horizontal  position, 
it  slides  forward  towards  6,  and  the  ascending  continues  with  an  accelerated 
motion  till  h  strikes  d. 

Suppose  now  the  instrument  to  be  applied  to  a  jar  as  in  the  figure,  a 
metallic  communication  by  a  wire  or  chain  is  established  between  e  and  the 
inside  of  the  jar;  k  is  screwed  upon  5,  with  its  index  pointing  towards  k; 
the  increase  of  charge  in  the  jar  is  thus  shown :  suppose  the  slider  to  be  set 
at  fifteen  divisions  or  grains,  it  will  cause  g  to  rest  upon /with  a  pressure 
equal  to  that  weight,  as  the  charge  increases  in  the  jar  the  balls/ and  g  be- 
come more  and  more  repulsive  of  each  other ;  and  when  this  force  of  repulsion 
is  sufficient  to  raise  fifteen  grains,  the  ball  g  rises,  the  slider  moves  towards  b, 
and  the  ball  h  coming  into  contact  with  d  discharges  the  jar ;  and  as  the 
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Fig.4i. 


force  of  repulsion  depends  apon  the  intensity  of  the  charge,  the  weight  it 
has  to  overcome  affords  a  measure  of  this  intensity  and  enables  the  experi- 
menter to  regulate  the  amount.  Suppose  the  slider  to  be  set  at  five  grains, 
and  we  wish  to  double  the  accumulation  of  electricity  in  the  jar  or  battery, 
the  slider  must  be  set  to  twenty  grains,  the  electrical  force  being  the  aqttare 
of  the  quantity  of  electricity  accumulated. 

HerUey*»  Universal  Discharger. — A  ver}'  useful  apparatus  for  directing  with 
precision  the  charge  of  a  jar  or  battery  is  shown  in  Fig.  42.  It  consists  of 
a  wooden  stand  with  a  socket  fixed  in  the  centre,  to  which  may  be  occa- 
sionally adapted  a  small  table,  having  a  piece  of  ivory  (which  is  a  non- 
conductor) inlaid  on  its  surface.    The  table  may  be  raised  and  kept  to  a 

.  proper  height  by  means  of  a 
screw  «.  Two  glass  pillars,  p  p, 
are  cemented  into  the  wooden 
stand.  On  the  top  of  each  of  these 
pillars  is  fitted  a  brass  cap,  hav- 
ing a  ring,  r,  attached  to  it, 
containing  a  joint  moving  both 
vertically  and  horizontally,  and 
carrying  on  its  upper  part  a  spring 
tube,  admitting  a  brass  rod  to  slide 
through  it.  Each  of  these  rods  is 
terminated  at  one  end  either  by  a 
brass  ball  a  b  screwed  t)n  a  point, 
or  by  a  pair  of  brass  forceps,  and 
is  furnished  at  the  other  extremity  with  a  brass  ring  or  a  handle  of  solid 
glass.  The  body  through  which  the  charge  is  intended  to  be  sent  is 
placed  on  the  table,  and  the  sliding  rods,  which  are  moveable  in  every 
direction,  are  then  by  means  of  the  handles  brought  into  contact  with  the 
opposite  sides;  and  one  of  the  brass  caps  being  connected  with  the  outside 
of  the  jar  or  battery,  the  other  may  be  brought  into  communication  with  the 
inner  coatings  by  means  of  a  common  discharging  rod  (Fig.  36).  For  some 
experiments  it  is  more  convenient  to  fix  the  substance  on  which  the  experi- 
ment is  to  be  made  in  a  mahogany  frame  f,  consisting  of  two  small  boards 
which  can  be  pressed  together  by  screws,  ami  which  may  be  substituted  for 
the  table.  In  either  of  these  ways  the  charge  can  be  directed  thrbugh  an}' 
part  of  the  substance  with  the  greatest  accuracy. 

(26)  Xlie  Xieyden  Battery. — Where  several  jars  are  electrically 
united  together  the  arrangement  is  called  an  Electrical  Battery. 
Fig.  43  represents  such  an  apparatus.  It  consists  of  fifteen  jars, 
the  inside  coatings  of  all  of  which  are  metallically  connected  by- 
brass  rods,  and  the  bottom  of  the  box  in  which  they  stand  being 
lined  with  tin  foil,  secures  a  continuous  conducting  surface 
for  the  exterior  coatings.  The  battery  is  shown  with  a  Cuth" 
hertson'8  Balance  Electrometer ,  and  an  apparatus  for  deflagrating 
metallic  wires  attached.  It  is  charged  in  the  same  manner  as  a 
simple  jar,  by  connecting  the  metallic  rods  in  communication  with 
the  inside  coatings  with  the  prime  conductor,  as  shown  in  the 
figure,  the  metallic  lining  of  the  box  being  in  good  communication 
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either  with  the  negative  conductor  or  with  a  good  discharging 
train.  Harris  prefers  to  dispose  the  jars  round  a  common  centre, 
that  centre  being  in  communication  with  the  prime  conductor,  and 
the  other  jars  being  in  connection  with  it  and  with  each  other. 

Fig.  43. 


By  thus  multiplying  the  number  of  jars,  we  have  it  in  our  power 
to  accumulate  electricity  to  an  extent  limited  only  by  the  charging 
power  employed.  A  prodigious  apparatus  was  constructed  towards 
the  end  of  the  last  century  by  Cuthbertson  for  the  Tylerian  Society 
at  Haerlem.  It  consisted  of  loo  jars,  each  of  5^  square  feet,  so 
that  the  total  amount  of  coated  suiface  was  550  square  feet  This 
battery  when  charged  with  a  very  powerful  machine  produced  the 
most  astonishing  effects.  It  magnetised  large  steel  bars,  rent  in 
pieces  blocks  of  boxwood  4  inches  square,  melted  into  red  hot 
globules  iron  wires  2  5  feet  long  and  xizy*^  of  wi  i^ich  in  diameter, 
and  dissipated  inj'a  cloud  of  blue  smoke  tin  wires  8  inches  long 
and  -^th  of  an  in^h  in  diameter. 
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The  management  of  large  electrical  batteries  requires  consider^ 
able  caution,  as  the  discharge  of  a  far  smaller  extent  cf  coated 
surface  than  that  just  described  through  the  body  of  the  operator 
would  be  attended  with  disagreeable  consequences ;  by  employing 
the  ingenious  balance  electrometer  of  Coulomb  all  danger  is 
avoided.- 

(27)  Ketam  Cliarffe* — After  a  jar  or  battery  has  been  charged 
for  some  time  and  then  discharged,  it  is  found  that  it  will  spon- 
taneously recover  its  charge  to  a  certain  extent.  This  assumption 
for  a  time  of  a  charged  state  of  the  glass,  and  which  gives  rise  to 
the  phenomenon  called  return  charge,  is  referred  by  Faraday  to 
the  actual  penetration  of  the  charge  to  some  distance  within  the 
glass.  Under  the  coercive  influence  of  the  forces  concerned,  a 
portion  of  the  positive  and  negative  forces  penetrates  and  takes  up 
a  position  within  the  dielectric,  and  being  thus  nearer  to  each 
other,  their  mutual  induction  will  be  greater  and  their  external 
induction  less  than  when  separated  by  the  whole  thickness  of  the 
dielectric.  On  the  discharge  of  the  jar  or  battery  taking  place, 
the  forces  by  which,  the  electric  charge  was  driven  into  the  glass 
are  removed,  and  the  penetrated  electricity  slowly  returns  to  the 
exterior  coatings.  The  experimenter  should  be  on  his  guard 
against  the  efiects  of  this  residual  charge  when  operating  with 
lai'ge  batteries.  Faraday  noticed  the  phenomenon  with  shdl  lac ; 
he  observed  it  also  with  sulphur  and  spermaceti, 

(28)  Spontaneous  Bzploslon. — ^The  tendency  of  jars  to  spon- 
taneous explosion  when  very  dean  and  dry  may  be  diminished  by 
pasting  a  slip  of  writing  paper,  about  one  inch  broad,. on  the  inner 
surface  of  the  jar,  so  as  to  cover  the  uncoated  interval  to  the 
height  of  half  an  inch  above  the  upper  edge  of  the  inner  coating. 
The  action  consists  according  to  Singer  (Elements  of  Electricity^ 
p.  135)  in  a  gradual  diminution  of  the  intensity  of  the*  charge  at 
that  part  from  which  it  has  the  greatest  tendency  to  explode,  by 
an  extenfflon  of  the  charged  surface  through  the  medium  of  an 
imperfect  conductor.  It  was  remarked  by  Cuthbertson  in  1792 
that  jars  the  inside  of  which  were  a  little  damp  would  take  a 
higher  charge  than  they  could  do  when  quite  dry.  He  found — 
That  a  jar  containing  168  square  inches  of  coating,  made  very  dry  and 
arranged  with  his  balance  electrometer,  and  eight  inches  of  watch  pendalam 
wire  included  in  the  circuit,  discharged  spontaneously  without  affecting  the 
separation  of  the  balls  when  the  slider  was  set  at  thirty  degrees ;  but  that 
when  the  inside  of  the  jar  was  moistened  by  breathing  into  it  no  spontaneous 
explosion  occurred,  but  the  discharge  took  place  through  the  electrometer 
fusing  the  wire  into  balls. 

(29)  Bzperlmental  ZUnstrations  oftl&e  SIfeets  of  Aeennm- 
lafted  Sleetrieltj. — The  phenomena  attending  the  charge  and 
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discharge  of  coated  glass  are  illustrated  in  the  following  experi- 
ments : — 

1.  Opposite  dectricnl  states  of  the  inner  and  outer  coatings.^Let  a  bent 
metallic  wire  b,  terminating  in  a  knob  c,  be  attached  to  the  exterior  of  a 
jar  a,  so  that  c  and  the  ball  d  of  the  jar  are 

in  the  same  line.  Let  a  small  pith-ball  be 
suspended  by  a  silk  thread  exactly  midway 
between  the  two  balls.  The  jar  being  charged, 
the  pith-ball  will  be  immediately  attracted 
by  d,  and  then  repelled  to  c ;  a^ain  attracted 
by  d,  and  again  repelled  to  c;  and  this  will 
continae  for  a  considerable  time.  When  the 
motion  has  ceased,  let  the  discharging-rod  be 
applied  to  the  jar  in  the  manner  shown  in 
Fig.  36.  No  spark  or  snap  will  result,  proving 
that  the  jar  has  been  silently  discharged  by 
the  pith-  ball ;  the  motion  of  which,  between 
d  and  c,  showing  also  the  opposite  electrical 
states  of  the  two  balls,  and  consequently  of 
the  outer  and  inner  coatings.  The  same  kind  of  experiment  may  be  made 
with  the  electric  bells  (Fig.  45).  Place  the  charged  jar  on  an'  insulating 
stand,  and  make  a  communication  between  its 
interior  and  the  insulated  frame  of  the  bells. 
The  two  exterior  bells  are  suspended  by  metal- 
lic chains,  but  the  central  bell  with  the  two 
clappers  hang  from  silken  threads,  the  middle 
bell  is  connected  with  the  earth  by  a  chain ; 
the  moment  the  outside  of  the  jar  is  connected 
with  the  earth  the  clappers  will  be  set  in 
motion :  then  by  touching  the  exterior  coating 
from  time  to  time  with  the  finger,  the  bells 
may  be  made  to  ring  at  pleasure 

2.  Lichtenbergh's  Figures,  —  Make  the  re- 
sinous cake  of  an  electrophorus  (Fig.  12,  p.  13) 
dry  and  warm,  draw  lines  on  it  with  the  knob 
of  a  positively  charged  jar,  and  sift  over  these 
places  a  mixture  of  sidphur  and  red  lead;  on 
inclining  the  plate  so  as  to  allow  the  powder 
to  fall  off,  every  line  marked  by  the  knob  of 
the  jar  will  be  observed  to  be  covered  with  the  sulphur,  while  the  red 
lead  will  be  dispersed.  If  the  same  experiment  be  made  with  a  jar  charged 
with  the  negative  conductor,  the  sulphur  will  be  dispersed,  and  the  red 
lead  will  be  collected.  The  reason  is  this:  the  sulphur  and  red  lead,  by 
the  friction  to  which  they  have  been  subjected,  are  brought  into  opposite 
electrical  states ;  the  sulphur  is  rendered  negative  and  the  red  lead  positive, 
so  that  when  the  mixture  is  made  to  fall  on  surfaces  possessing  one  or  the 
other  electricity  in  a  free  state,  the  sulphur  will  be  collected  on  the  positive, 
and  the  red  lead  on  the  negative  portions  of  the  plate,  according  to  the  well- 
known  laws  of  attraction  and  repulsion. 

This  beautiful  experiment  may  be  varied  by  tracing  various  lines  on  a 
smooth  plate  of  glass  with  the  knob  of  a  jar,  charged  first  positively  and 
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then  negatively ;  on  gently  dusting  the  sarfaoe  with  s  mixture  of  snlphnr 
and  red  lead,  a  series  of  red  and  yellow  ootUnea,  known  as  Lichtenbergh's 
figures,  will  be  formed. 

3.  Fret  Charge, — Provide  ajar,  the  exterior  coating  of  which  is  moveable. 
Charge  this  jar  in  the  usual  manner,  and  then  place  it  on  an  insulating  stand ; 
touch  the  knob  from  time  to  time  with  a  conducting  body,  the  whole  charge 
will  thus  ultimately  be  removed,  and  the  glass  will  be  brought  to  its  natural 
state.  Now  charge  the  jar  again,  remove  the  outer  coating,  and  replace  it 
on  the  insulating  stand ;  in  this  state  it  will  retain  its  charge  for  an  inde- 
finite period.  The  reason  of  this  is,  that  the  wire  by  which  the  charge  is 
communicated  to  the  interior  coating  being  left  attached  to  it,  induction 
does  not  take  place  solely  through  the  glass  to  the  opposite  coating,  but  is 
partly  directed  through  the  air  to  surrounding  conductors.  This  portion  is 
usually  called  <firee  charge,' and  on  removing  this  by  touching  the  knob 
with  a  conducting  body,  a  corresponding  portion  of  free  charge  of  the  opposite 
kind  makes  its  appearance  on  the  outside  coating,  owing  to  the  induction, 
which  is  now  at  liberty  to  direct  itself  from  that  part  to  surrounding  objects. 
But  when  the  exterior  coating  is  removed,  the  induction  is  determined 
entirely  throu^  the  glatt,  and  the  charge  on  one  side  is  sustained  by  an 
exactly  equal  quantity  of  the  contrary  electricity  on  the  other ;  all  inter- 
ference with  the  surrounding  objects  is  thus  cut  off. 

4.  Jars  charged  Og  cascade. — Let  a  series  of  jars  be  arranged  on  insulating 
stands,  as  shown  in  Fig.  46,  taking  care  to  establish  a  good  electrical  con- 
Fig.  46. 


nection  between  the  outside  of  the  last  jar  and  the  earth ;  for  every  spark 
that  passes  between  the  prime  conductor  and  the  ball  of  the  first  jar,  sparks 
will  pass  between  the  outside  of  that  jar  and  the  ball  of  the  second,  between 
the  outside  of  the  second  and  the  ball  of  the  third,  and  so  on :  after  a  time 
all  the  jars  will  be  charged,  and  each  may  be  discharged  singly,  or  the  whole 
may  be  so  connected  as  to  produce  one  discharge,  the  force  of  which  shall  be 
equal  to  the  sum  of  all  the  separate  ones.  For  this  purpose  the  jars  are 
placed  upright  on  one  common  conducting  basis,  and  their  inner  coatings 
metallically  connected  together,  the  whole  series  may  then  be  discharged 
precisely  as  a  single  jar. 

Mr.  Baggs  has  described  a  method  of  charging  and  placing  the  jars  by 
which  a  disruptive  spark  of  unusual  length  and  brilliancy  is  produced.  The 
jars  are  charged  separately  and  to  the  same  degree  of  intensity,  then  placed 
quickly  in  series  of  positive  and  negative  surfaces  very  near  to  each  other 
but  not  touching. 

The  method  of  charging  a  series  of  iars  '  by  cascade  *  was  invented  by 
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FraDklin,  to  illustrate  bis  theory,  that  when  a  jar  is  charged,  it  contains 
really  no  more  electricity  than  it  did  before,  and  that  daring  the  act  of 
charging  the  same  quantity  of  *Jire' was  thrown  out  of  one  side  of  the  glass 
as  was  thrown  on  the  other  side  from  the  conductor  or  the  machine. 

5.  The  luminouM  or  dmmond'tpotUd  jar, — Let  a  large  jar  be  coated  in  the 
manner  shown  in  Fig.  47.  The  tin-foil  is  cut  in  pieces,  each  about  one  inch 
square,  and  perforated  with  a  hole  about  fonr- 

tenths  of  an  inch  in  diameter.    These  pieces  ^ 

are  pasted  on  both  sides  of  the  glass,  so  that 
the  diagonals  of  the  squares  are  arranged 
horizontally  and  vertically,  their  points  being 
separated  about  J^  of  an  inch  outside,  and  in 
the  inside  the  points  nearly  touching  one 
another  at  the  centres  of  the  circular  holes  of 
the  outer  squares.  During  the  charging  of 
the  jar  the  sparks  are  seen  jumping  from  one 
metalHc  surface  to  the  other;  and  when  the 
jar  is  discharged,  every  part  of  the  jar  withia 
the  boundaries  of  the  metallic  spangles  be- 
comes momentarily  Uluminated,  presenting  in 
a  darkened  room  a  brilliant  appearance,  and 
Aimishing  a  beautiful  illustration  of  the  theory 
of  the  Leyden  phial. 

6.  The  diarge  ruidet  on  the  opposite  sides  of 
the  glass,  —  To  demonstrate  this  let  a  jar  be 
provided  with  moveable  coatings,  the  wire 
communicating  with  the  interior  coating  pass- 
ing through  a  glass  tube,  by  which  it  may 
be  removed  from  the  jar  without  touching  the 
metal ;  or  let  it  be  curved  in  the  upper  part  so 
that  it  may  be  removed  by  a  hooked  wire  at- 

tached  to  a  glass  handle.  Let  the  jar  be  charged  in  the  usual  manner,  then 
let  the  inside  coating  be  carefully  withdrawn,  and  having  set  it  aside  let  the 
jar  be  inverted  upon  some  badly  conducting  body,  such  as  the  table  cloth,  and 
let  the  exterior  coating  be  removed ;  then  on  applying  the  discharging  rod  to 
the  two  coatings,  or  taking  them  in  the  hands,  no  spark  or  shock  will  be 
produced,  proving  them  to  be  free  from  electrical  charge.  Let  them  now  be 
replaced  in  the  jar,  and  complete  the  circuit  with  the  discharging  rod,  dis- 
charge accompanied  with  the  usual  phenomena  will  result,  proving  that  the 
charge  of  the  phial  is  dependent  on  the  dielectric  glass,  and  that  the  use 
of  the  coatings  is  to  furnish  a  ready  means  of  communication  between  the 
charged  particles. 

7.  Jfowerftd  mechanical,  heating,  and  luminous  effects. — (i)  Place  a  thick 
card  or  some  leaves  of  a  book  against  the  outer  coating  of  charged  Leyden 
phial,  or  between  the  knobs  of  the  universal  discharger,  pass  the  explosion, 
the  discharge  will  pass  through  the  paper  or  card,  perforating  it  and  pro- 
ducing a  burr  or  protrusion  in  both  directions,  as  though  the  force  producing 
it  had  acted  from  the  centre  of  the  card  outwards ;  or  insert  two  wires  into 
a  piece  of  wood  about  half  an  inch  long  and  a  quarter  of  an  inch  thick,  so 
that  the  ends  of  the  wires  within  the  wood  may  be  about  |  of  an  inch  apart, 
pass  a  strong  charge  through  the  wires,  and  the  wood  will  split  with 
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Fig.  48. 


violence ;  or,  hang  two  curved  wires,  provided  with  a  knob  at  each  end,  in  a 
wine  glass  nearly  full  of  water,  as  shown  in  Fig.  4S,  so  that  the  knobs  shall 
be  about  half  an  inch  asunder,  connect  a 
with  the  outer  coating  of  a  large  Leyden. 
phial,  and  b  with  the  inner  coating  by  means 
of  the  discharging  rod,  when  the  explosion 
takes  place  the  glass  will  be  broken  with 
violence ;  or,  place  a  piece  of  stout  glasa 
between  the  boards  of  the  press  of  the 
universal  discharger,  and  send  a  powerful 
charge  through  it,  the  glass  will  not  only 
be  broken,  but  portions  of  it  even  reduced 
to  powder. 

(2)  Tie  some  tow  loosely  round  one  of  the  knobs  of  the  discharging  rod, 
and  dip  it  in  powdered  resin,  place  the  naked  knob  in  contact  with  the  out^ 
side  of  a  charged  phial,  and  bring  the  other  quickly  in  contact  with  the  ball 
connected  with  the  inner  coating,  discharge  will  take  place  and  the  resin 
will  burst  into  a  flame. 

(3)  Place  some  gunpowder  in  the  insulated  wooden  cup  A,  Fig.  49,  and 

bring  immediately  over  it  the  brass  ball  5» 
which  moves  on  a  ball  and  socket  joint  on 
the  top  of  a  glass  pillar,  connect  the  chains 
c  d  with  the  outer  and  inner  surfaces  of  a 
charged  Leyden  phial,  discharge  takes 
place  and  the  gunpowder  is  inflamed* 

Gunpowder  cannot  be  inflamed  by  a 
discharge  through  good  conductors,  in  con* 
sequence  of  the  enormous  velocity  with 
which  electricity  travels  (280,000  miles  in 
a  second,  according  to  the  experiments  of 
Wheatstone) ;  this  may  be  proved  by  plac- 
ing some  powder  on  the  ivory  slip  of  the 
universal  discharger.  Fig.  42,  and  causing 
an  explosion  from  a  charged  Leyden  phial 
to  pass  through  it ;  the  powder  will  be  scattered  in  all  directions,  but  not 
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ignited.  If  now  some  gunpowder  be  placed  in  a  small  ivory  mortar,  as 
shown  in  Fig.  50,  and  the  circait  interrupted  by  ten  or  twelve  inches  of  water 
in  a  porcelain  basin,  it  will  be  fired  on  dischargicg  the  jar  through  it,  be- 
cause of  the  retarding  influence  of  the  imperfectly  conducting  water^ 

(4)  Arrange  five  or  six  eggs  in  a  straight  line,  and  in  contact  with  each 
other,  they  will  become  luminous  on  passing  a  small  charge  through  them. 
The  following  substances  are  rendered  phoeporescent  for  a  time  by  the  trans- 
mission of  the  electric  spark  through  them,  acquiring  various  colours ;  viz. 
.chalk,  orange ;  rock-crystal,  first  red  then  white ;  sulphate  of  barium,  bright 
green ;  calcined  oyster  shells,  the  prismatic  colours ;  loaf  sugar,  green. 

8.  Deflagration  of  meial». — Let  a  slip  of  tin -foil  or  of  gold  leaf  be  placed  be- 
tween two  pieces  of  paper,  allowing  the  ends  to  project,  and  let  the  whole  be 
firmly  pressed  together  between  the  boards  of  the  press  of  the  universal 
diycharger,  transmit  the  shock  of  a  large  highly  charged  jar  through  it, 
the  metals  will  be  burnt;  if  gold  leaf  be  employed,  the  paper  will  be  found 
to  be  stained  of  a  purplish  blue  colour. 

For  deflagrating  metallic  wires,  the  battery  is  required ;  the  arrangement 
is  shown  in  Fig.  43.  The  wires  are  stretched  above  sheets  of  white  paper, 
and  powerful  discharges  sent  through  them.  The  results  are  exceedingly 
beautiful — the  wires  disappear  with  a  brilliant  flash,  leaving  different  coloured 
impressions  on  the  paper,  e.g. — 


Diameter  of  wire. 

Colour  produced. 

Gold  wire    . 

•     Tl5»f 

an  inch 

.    Purple  and  brown. 

Silver  . 

•     ^ 

»»            • 

.    Grey,  brown,  and  green. 

Platinum 

■   yfe 

»»            • 

.    Grey  and  light  brown. 

Copper 

•     Teff 

»> 

.    Green,  yellow,  and  brown. 

Iron     . 

•  ife 

»» 

.    Light  brown. 

Tin      . 

•       •    tirs 

a 

.    Yellow  and  grey. 

Zinc     . 

•        •    Tk 

n 

.    Dark  brown. 

Lead    . 

•       •    ih 

» 

.    Brown  and  blue  grey. 

Brass   . 

•       •    tJ, 

»» 

.    Purple  and  brown. 

9.  Equality  of  the  Electricity  on  the  inner  and  outer  turf  aces. — Let  a  plate 
of  coated  glass,  8,  Fig.  51,  be  placed  vertically  on  a  stand,  and  let  two  pith- 
ball  electroscopes,  /?  n,  be  attached  to  the  coatings.  Bring  the  coating  p  into 
contact  with  the  prime  conductor,  the  coating  n  being  in  good  conducting 
communication  with  the  ground.  As  the  charging  proceeds,  the  ball  p  will 
be  repelled  by  the  free  electricity  of  p,  while  the  ball  n  retains  its  original 
position.  On  allowing  the  apparatus  to  remain  undisturbed  for  some  time, 
the  free  electricity  of  p  will  be  gradually  dissipated,  and  the  ball  p  will  drop 
into  its  original  position.  Now  charge  the  plate  again,  and  immediately  cut 
off  the  communication  between  n  and  the  ground.  The  ball  p  will  slowly 
descend  towards  p  as  before,  but  at  the  same  time  n  will  begin  to  rise,  and 
by  the  time  p  has  reached,  the  position  a,  n  will  have  risen  to  b,  the  angle 
between  the  balls  being  about  the  same  as  at  first.  Both  balls  will  then 
slowly  sink  till  the  charge  is  lost  by  dissipation.  If  during  the  descent  of 
the  balls  we  touch  n,  the  ball  n  will  suddenly  sink,  and/>  will  as  suddenly 
rise  by  an  equal  amount  on  removing  the  finger  firom  m  ;  p  will  fall  and  n  will 
rise  to  nearly  their  former  places,  and  the  slow  descent  of  both  will  recom- 
mence.   The  same  thing  will  happen  if  we  touch  p ;  p  will  fall  down  close 
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to  the  plate  and  n  will  riae,  and  so  on :  and  these  alternate  touching^  of  the 
coatings  may  be  repeated  a  great  many  times  before  the  plate  is  discharged. 

In  order  to  understand  this  instructiTe  experiment,  it  must  be 
remembered  that  as  long  as  N  is  in 
Fig.  51.  communication  with  the  ground  it 

^  cannot   retain  any  free  electricity^ 

and  therefore,  under  these  circum- 
stances, the  ball  n  can  never  be  re-> 
pelled;  but  as  the  free  electricity 
on  p  is  dissipated,  a  corresponding 
portion  of  the  opposite  electricity 
^:  i         must  be  liberated  from  N  andesciype 

to  the  earth;  and  this  action  must 
go  on  till  the  entire  charge  is  lost. 
But  when  both  surfaces  are  insulated, 
or  the  free  electricity  of  p  is  dis- 
sipated, a  correspondijQg  quantity  of 
the  opposite  electricity  is  liberated 
as  before  from  n;  but  as  it  cannot 
now  escape  to  the  earth,  it  becomes 
free  electricity,  and  repels  the  elec- 
troscope n.  But  this  free  electricity 
becomes  gradually  dissipated,  and 
thus  the  entire  charge  is  after  a  time 
lost. 

The  same  general  principles  may 
be  illustrated  with  a  Ley  den  jar 
thus:  let  the  jar  (the  outer  coating  of  which  is  a  little  higher 
than  the  inner)  be  charged,  and  its  ball  and  rod  be  immediately 
removed  by  a  silk  thread ;  now  apply  a  carrier  ball  to  either  the 
inside  or  the  outside  coating;  no  signs  of  electricity  will  be 
obtained,  the  two  forces  being  entirely  engaged  to  each  by  induc- 
tion through  the  glass.  Now  insulate  the  jar,  and  restore  the  ball 
and  rod.  Under  these  circumstances  induction  will  take  place 
through  the  air  towards  external  objects,  the  tension  of  the 
polarised  glass  will  fall,  and  the  parts  projecting  above  the  jar 
will  give  electrical  indications  and  charge  the  carrier ;  at  the  same 
time  the  outside  coating  will  be  found  in  the  opposite  electrical 
state.  Again,  place  a  cylinder  of  wire  gauze  on  a  plate  of  shell  lac, 
and  over  it,  but  not  resting  on  the  lac,  another  similar  but  larger 
cylinder ;  these  cylinders  correspond  with  the  coatings  of  a  Leyden 
jar,  the  glass  of  which  is  represented  by  the  intervening  dielectric 
ai7' ;  let  a  small  charge  of  electricity  be  conveyed  from  the  prime 
conductor  of  an  electrical  machine  to  the  inner  cylinder,  by  means 
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Fig.  5*. 


of  a  brass  ball  suspended  by  a  silk  thread.  On  now  touching 
the  ifmer  coating  of  the  inner  cylinder  with  a  disc  of  gilt  paper 
insulated  by  a  stick  of  lac^  and  then  examining  its  condition  by  the 
electroscope,  it  will  be  found  to  be  neutral ;  but  on  passing  the 
proof  plane  between  the  two  cylinders  and  touching  the  <nder 
coating  of  the  inner  one,  it  brings  away  a  charge  of  positive 
electricity.  In  like  manner  on  touching  the  outer  side  of  the  otUer 
cylinder  no  electricity  is  obtained,  but  from  the  inner  side  a  negaiive 
charge  is  transferred  to  the  disc,  which  is  rendered  sensible  by 
bringing  the  latter  into  contact  with  the  electroscope. 

xa  Huistanct  to  the  trangmusion  of  Electricity  even  hy  the  best  Conductors  *, 
Lateral  Induction, — Let  a  long  copper  wire,  having  at  the  end,  m,  a  metallic 
ball,  be  suspended  in  the  air ;  let  its  end,  e,  be  connected  with  the  earth,  and 
let  the  part  near  m  and  e  be  brought  within  half  an 
inch  of  each  other  at  s ;  now  let  a  Leyden  phial  be 
discharged  through  the  wire  by  connecting  ito  out- 
side with  e  and  its  inside  with  m,  a  bright  spark  will 
appear  at  s,  because  with  a  great  length  of  wire  the 
resistance  is  accumulated  until  it  becomes  as  great, 
or  even  greater,  than  that  of  the  air  for  electricity  of 
such  high  intensity.  I<et  a  variation  be  introduced 
into  the  experiment;  and  the  interval  at  b  being  so 
adjusted  that  the  sparks  freely  pass  there  on  dis- 
charging the  jar  through  the  wire,  let  the  wires  n 
and  o  be  connected  with  the  inside  and  outside  coat- 
ings of  a  second  insulated  jar.  Under  these  circum- 
stances no  spark  will  appear  at  s,  because,  in  conse<> 
quence  of  the  laieral  induction  momentarily  allowed 
by  the  interposition  of  the  jar  between  the  side  wires, 
the  intensity  is  lowered,  and  the  quantity  of  elec- 
tricity, though  always  the  same,  is  not  sufficient  to 
strike  across  the  interval  at  «,  but  is  finally  occupied 
altogether  in  the  wire,  which,  in  a  little  longer  time 
than  before,  effects  the  whole  discharge. 

It  is  to  this  ^lateral  induction^  that  certain 
remarkable  phenomena  observed  some  years 
ago  by  Mr.  Latimer  Clarke,  at  the  works  of  the  Electric  Telegraph 
Company,  are  according  to  Faraday  to  be  ascribed. 

When  contact  was  made  between  the  free  end  of  an  insulated 
intejisity  voltaic  battery  and  one  end  of  loo  miles  of  a  submerged 
tel^raphic  cable  covered  with  gutta  percha,  the  outer  end  of  the 
bat&?y^ing  in  communication  with  the  earth,  it  was  found  that 
after  the  contact  had  been  broken  for  two  or  three  minutes  a  smart 
shock  could  be  received  by  a  person  touching  the  wire ;  a  fuze 
could  be  fired,  and  the  galvanometer  powerfully  affected.  The 
submerged  wire  became  in  fact  an  immense  Leyden  battery,  and 
was  charged  statically  by  the  electricity  of  the  voltaic  battery,  and 
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acting  by  induction  through  the  gutta  percha  produced  the  opposite 
Rtate  on  the  surface  of  the  water  touching  the  gutta  percha,  and 
forming  the  outer  coating.  The  intensity  of  the  static  charge 
acquired  is  only  equal  to  the  intensity  at  the  pole  of  the  battery, 
but  the  quantity,  because  of  the  immense  extent  of  the  coated 
surface,  is  enormous,  hence  the  striking  character  of  the  results. 
The  reason  why  no  such  effects  are  obtained  in  a  wire  suspended 
in  the  air  is  simply  because  there  is  in  this  case  no  ovJber  coating 
corresponding  to  the  water,  and  as  therefore  there  is  no  induction, 
so  the  inner  wire  cannot  become  charged.  But  precisely  similar 
phenomena  are  exhibited  by  subterranean  wires  covered  with  gutta 
percha  and  enclosed  in  metallic  tubes.  * 

(30)  Free  Cbarire  and  Oleslmnlated  BlectrlcitT'. — The 
charge  upon  an  insulated  conductor  in  the  middle  of  a  room  is  in  the 
same  relation  to  the  walls  of  that  room  as  the  charge  upon  the  inner 
coating  of  a  Leyden  jar  is  to  the  outer  coating  of  the  same  jar: 
one  is  not  more/rcc  or  dimmuMed  than  the  other;  and  when  we 
sometimes  make  electricity  appear  where  it  was  not  evident  before, 
as  upon  the  outside  of  a  charged  jar,  when  after  insulating  it  we 
touch  the  inner  coating,  it  is  only  because  we  divert  more  or  less 
of  the  inductive  force  from  one  direction  into  another,  for  not  the 
slightest  change  is  in  such  circumstances  impressed  upon  the 
character  or  action  of  the  force,  and  the  terms  ^free  charge'  and 
^  dissimulated  electricity  *  convey  erroneous  notions  if  they  are  meant 
to  imply  any  difference  as  to  the  mode  or  kind  of  action.  The 
difference  between  electrical  accumulation  on  coated  glass  and  that 
on  simple  conductors  is  only  in  degree  of  effect,  the  laws  incidental 
to  the  electrified  substance  remain  the  same. — (Faraday.) 

(31)  lateral  Bisoliarire. — If  a  charged  jar  be  placed  on  an 
insulating  stand  and  discharged  in  the  usual  manner  by  a  dis- 
charging rod,  at  the  moment  of  discharge  a  small  spark  will  pass 
between  the  outer  coating  and  a  body  in  communication  with  the 
earth.  When  a  jar  is  discharged  by  a  curved  wire  held  in  the 
hand,  without  an  insulating  handle,  a  slight  shock  is  frequently 
felt  in  the  hand  that  grasps  the  wire ;  and  if  a  chain  be  laid  on  the 
table  with  one  end  touching  the  outside  of  a  charged  jar,  it  will 
become  illuminated  on  the  discharge  of  the  jai*,  although  it  forms 
no  part  of  the  circuit. 

These  effects  are  due  to  what  is  termed  the  '  lateral  discharge,' 
and  are  occasioned  by  a  small  excess  of  free  electricity,  which 
distributes  itself  over  a  discharging  surface,  when  a  charged  system 
is  discharged  or  neutralised.  When  a  jar  is  charged,  the  accumu- 
lated electricity  is  never  exactly  balanced  between  the  opposed 
coatings,  so  that  there  will  always  be  an  excess  of  positive  or 
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negative  electricity  over  the  neutralising  quantities  themselves 
disposed  on  the  coatings  of  the  jar. 

The  following  experiments  will  convey  a  good  deal  of  information 
respecting  the  nature  of  the  so-called  lateral  discharge  (^Harris) : — 

I.  Let  the  jar  j,  Fig.  53.  be  charged,  pontiveiy,  removed  from  the  machine 
and  insulated ;  under  this  condition  discharge  it.  When  discharged,  let  the 
electrical  state  of  the  knob  m,  discharging  conductor  e  d,  and  outer  coating  j 

rig.  53. 


be  examined ;  they  will  all  be  found  in  the  same  electrical  state,  which  state 
will  be  that  exhibited  by  the  outer  coating  and  knob  while  charging,  and 
the  small  residuary  charge  will  be  plus, 

2.  Let  the  jar  be  charged  as  before ;  but  before. discharging  it,  withdraw 
the  free  electricity  from  the  knob.  The  electrical  state  of  the  coating  and 
appendages  will  now  be  changed,  and  thp  small  residuary  charge  will  be 

3.  Immediately  after  the  discharge  apply  a  metallic  body  to  the  coating 
J,  a  residuary  spark  will  be  thrown  off,  and  the  jar  will  be  found  again 
slightly  charged,  showing  the  spark  to  be  merely  a  residuary  accumulation. 

4.  Charge  a  jar,  exposing  about  two  square  feet  of  coating,  with  a  given 
quantity  of  electricity,  measured  by  the  unit  jar  u;  let  a  conducting  rod, 
terminating  in  a  ball  r,  project  from  the  outer  coating,  and  place  near  it  the 
electroscope  B.  Discharge!  the  jar  through  the  rod  e  c  as  before,  and  observe 
the  amount  of  divergence  of  the  electroscope.  Double  the  capacity  of  the 
jar,  and  again  accumulate  and  discharge  the  same  quantity.  The  divergence 
of  the  electroscope  will  be  very  considerably  decreased :  add  a  second  and  a 
third  jar  to  the  former,  and  the  effect  will  at  last  be  scarcely  perceptible ; 
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connect  the  jar  with  the  ground,  and  with  a  giren  quantity  the  spark  will 
Tanish  altogether. 

5.  Accnmolate  a  given  qoantit^r  as  before,  and  observe  the  effect  of  the 
residuary  charge  on  the  electroscope.  Let  a  doable,  treble,  &c.  quantity  be 
accumulated  and  discharged  from  a  double,  treble,  &c  extent  of  surfcce — 
that  is,  for  a  double  quantity  employ  two  similar  jars,  and  so  on — the  effect 
will  remain  the  same. 

These  two  last  experiments  prove  that  the  spark  is  of  different 
degrees  of  force  when  the  electricity  is  discharged  from  a  greater  or 
less  extent  of  surface,  whilst  double,  treble,  &c.,  quantities  when 
discharged  from  double,  treble,  &c.,  surface,  gives  the  same  spark. 
The  spark,  therefore,  is  not  caused  by  any  lateral  explosion  from 
the  discharging  rod,  but  depends  entirely  on  the  jar. 

Lateral  sparks  may  be  drawn  from  a  wire  in  good  communica- 
tion with  the  earth  whilst  it  is  receiving  dense  sparks  from  an  electric 
machine  in  vigorous  action.  These  sparks  result  from  the  indue* 
tive  action  of  the  electricity  accumulated  on  the  conductor  upon 
the  vicinal  conducting  substances,  which,  completing  the  terminal 
surface  of  a  charged  system,  determines  the  charging  of  the  stratum 
of  air  between  them,  and  sparks  will  consequently  strike  off  from 
the  wire  to  these  free  conducting  bodies  as  long  as  sparks  continue 
to  pass  between  the  two  conductors.  If  the  wire  from  which  these 
lateral  explosions  proceed  be  connected  directly  with  the  ma- 
chine, the  phenomena  disappear,  because  the  accumulation  on 
the  conductor  is  prevented  from  reaching  any  great  intensity.  It 
is  necessary,  therefore,  to  employ  disruptive  discharges  between 
opposed  conductors,  and  the  larger  the  svurface  of  the  charged  con- 
ductor the  greater  is  the  effect  produced. 

(32)  latLwm  of  Blecstrloal  Aoonmnlatloii. — ^These  have  been 
minutely  studied  by  Harris  (Trans.  Plymouth  Institution  BXidi  Trans, 
Royal  Society f  1834,  1836,  1839),  with  the  aid  <)f  ^o  valuable 
electrical  instruments  which  he  invented,  viz.,  the  ekctro-thermo- 
meter  and  the  unit  jar. 

The  Ekctro-Themumei€r,—T\iiB  is  shown  in  Fig.  54.  It  consists  of  an  air 
thermometer,  through  the  bulb  of  which  there  is  stretched  air  tight  a  fine 
platinum  wire ;  the  bulb  is  screwed  also  air  tight  on  a  small  open  vessel 
containing  a  coloured  liquid,  and  soldered  to  the  extremity  of  a  long  bent 
glass  tube,  to  which  is  adapted  a  graduated  scale ;  the  fluid  is  adjusted  to  the 
zero  of  the  scale  by  a  small  screw  valve  at  the  top  of  the  bulb.  When  an 
electrical  accumulation  is  discharged  through  the  platinum  wire  it  becomes 
heated  more  or  less,  expanding  the  air  and  forcing  the  coloured  fluid  up  the 
vertical  tube,  the  height  to  which  it  ascends  being  measured  on  the  scale. 

The  height  to  which  the  liquid  rises  is  as  the  square  of  the  quantity  ofelectri- 
city  discharged. 

The  Unit  Jar. — This  is  shown  in  Fig.  55.  It  consists  of  a  small  jar,  k, 
exposing  about  six  inches  of  a  coated  surface,  inverted  on  a  brass  rod  fixed 
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to  the  conductor  of  the  machine,  or  otherwise  snstained  on  a  separate  insula- 
tion ;  and  the  jar  or  battery  to  be  charged  is  connected  with  its  outer  surface 
by  means  of  a  brass  rod  and  balL  b.  In  this  arrangement  electricity  is  con* 
tinually  supph'ed  to  the  jar,  and  the  amount  of  accumulation  is  accurately 

Fig.  54.  .  Fig.  55. 


measured  by  the  number  of  charges  which  the  unit  jar  has  received ;  the 
charges  being  determinable  by  means  of  the  discharging  balls  n  n\  By  in- 
creasing or  diminishing  the  distance  between  the  discharging  balls,  the  value 
of  the  unit  may  be  rendered  as  great  or  as  small  as  we  please.  Hence  if  the 
balls  be  securely  fixed,  and  the  distance  between  their  points  of  discharge 
accurately  measured  by  means  of  a  micrometer  screw  and  Index  at  s,  com^ 
parative  quantities  may  be  always  estimated  and  restored  from  time  to  time 
with  great  accuracy. 

1.  Equal  quantities  of  electricity  are  given  off  at  each  revolution 
of  the  plate  of  an  electrical  machine  to  an  uncharged  surface^  or  to 
a  surface  charged  to  any  degree  of  saturation. 

2.  A  coated  surface  receives  equal  quantities  of  electricity  in 
equal  times ;  and  the  number  of  revolutions  of  the  plate  is  a  fair 
measure  of  the  relative  quantities  of  electricity^  all  other  things 
remaining  the  same. 

A  jar  containing  about  five  square  feet  of  coated  surface  was  charged  with 
four  turns  of  the  machine,  and  then  discharged  through  the  thermo-electro- 
meter,  the  fluid  rose  nine  degrees.  The  jar  was  now  placed  on  an  insulating 
stand,  and  its  external  coating  connected  by  a  wire  with  the  internal  coating 
of  a  second  and  precisely  similar  jar,  uninsulated  and  provided  with  a  Lane's 
discharging  electrometer  (Fig.  40),  the  themio-electrometer  being  likewise 
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included  in  the  circait  After  four  turns  of  the  machine  the  second  jar  was 
discharged,  and  the  fluid  rose  as  before,  nine  degrees.  The  small  residuum  in 
the  second  jar  being  removed  (the  first  jar  retaining  its  charge)  the  machine 
was  again  put  in  motion,  and  after  four  turns  the  discharge  of  the  second 
jar  again  took  place,  and  the  fluid  again  rose  nine  degrees. 

When  the  second  jar  was  much  smaller  thatt  the  first,  the  explosion  took 
place  about  each  turn  of  the  plate,  till  the  large  insulated  jar  was  fuUr 
charged ;  and  as  in  both  cases  the  second  jar  was  charged  from  the  outer 
coating  of  the  first,  its  explosions  may  be  taken  as  fair  measures  of  the 
relative  quantities  of  electricity  communicated  by  the  machine ;  and  as  these 
explosions  correspond  to  equal  numbers  of  revolutions,  it  follows  that  the 
accumulations  in  the  insulated  jar  must  have  proceeded  by  equal  increments, 
and  consequently  that  equal  quantities  of  electricity  were  thrown  on  at  each 
time. 

3.  The  free  action  of  an  electrical  accumulation  is  estimated  by 
the  interval  it  can  break  through,  and  is  directly  proportional  to 
the  quantity  of  electricity. 

Two  similar  jars,  each  containing  five  square  feet  of  surface,  being  con- 
nected together,  and  with  a  Lane's  discharging  electrometer,  the  balls  being 
set  at  ^  of  an  inch  apart,  the  discharge  took  place  at  the  ends  of  two  and  a 
half  txam^  of  the  machine;  the  interval  being  doubled,  the  charge  passed  at 
the  end  of  ^oe  turns;  the  interval  being  trebled^  at  seven  turns;  When  the 
interval  between  the  balls  amounted  to  JL  of  an  inch,  it  required  ten  turns  of 
the  machine  to  produce  a  discharge. 

4.  The  free  action  is  inversely  proportional  to  the  surface. 

One  of  the  jars  in  the  previous  experiment  being  removed,  and  the  balls 
set  at  ^  of  an  inch,  the  discharge  took  place with^oe  turns  of  the  machine; 
the  second  jar  being  returned  to  its  place,  and  the  balls  set  at  ^  of  an  inch, 
the  discharge  again  took  place  with  five  turns ;  and  on  adding  two  more 
similar  jars  and  setting  the  balls  at  ^^  of  an  inch,  or  one  quarter  the  first 
distance,  the  discharge  still  took  place  with^ve  turns. 

5.  When  the  electricity  and  the  surface  are  increased  in  the 
same  ratio,  the  discharging  interval  remains  the  same ;  but  if,  as 
the  electricity  is  increased,  the  surface  is  diminished,  the  discharg- 
ing interval  is  directly  as  the  square  of  the  quantity  of  electricity. 

The  balls  of  the  electrometer  being  set  at  ^^  of  an  inch,  the  dis- 
charge of  a  single  jar  took  place  with  2^  turns ;  a  seconc^  similar  jar  being 
added,  the  balls  remaining  as  before,  the  discharge  took  place  at  five 
turns ;  a  third  jar  being  added  with  seven  turns :  two  similar  jars  being 
used,  the  interval  remaining  the  same,  the  discharge  took  place  at  five  turns; 
but  when  one  jar,  that  is  half  the  surface,  was  removed,  and  the  balls  set  at 
3.  of  an  inch,  the  discharge  occurred  at  ten  turns. 

If  we  represent  the  quantity  of  electricity  by  Q,  the  interval  by  I,  and  the 
surface  by  S  we  get  the  following  equation : — 

I=|;Q=SI 
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~  6.  The  resistance  of  «ir  to  discharge  is  as  the  square  of  the  den- 
sity directly. 

The  balls  of  the  discharging  electrometer  being  set  at  a  certain  distance  apart 
in  the  receiver  of  an  air  pump,  and  the  density  of  the  air  being  diminished  to 
<mt  halft  discharge  occurs  with  one  haff  of,  the  quantity  of  electricity  accumo- 
lated,  that  is,  with  one  fourth  of  the  intensity  of  free  action ;  and  the  distance 
through  which  a  given  accumulation  can  discharge,  is  in  the  inverse  simple 
ratio  of  the  density  of  the  air :  in  air  of  one  half  the  density,  the  discharge 
occurs  at  twice  the  distance. 

(33)  Harris's  later  Xnvestlvatioiis. — Sir  Wm.  Snow  Harris 
has  recently  (June  8,  1864.)  communicated  to  the  Royal  Society 
the  results  of  some  further  inquiries  concerning  the  laws  and  opera- 
tions of  electrical  force.  The  quantity  of  electricity  which  any 
plane  rectangular  surface  can  receive  under  a  given  intensity,  he 
finds  to  depend  not  only  on  the  surface,  but  also  on  its  Unecn* 
boundary  extension.  Thus  the  linear  boundary  of  loo  square 
inches  of  surface  under  a  rectangle  37*5  inches  long  by  2*66  inches 
wide  is  about  80  inches,  whilst  the  Hnear  boimdaiy  of  the  same 
100  square  inches  of  surface  under  a  plate  10  inches  square  is  only 
40  inches.  Hence  the  charge  of  the  rectangle  is  much  greater 
than  that  of  the  square^  although  the  surfaces  are  nearly  equal. 

The  amount  of  electrical  charge  depends  upon  surface  and  linear 
extension  conjointly.  There  exists  in  every  plane  surface  what 
may  be  termed  an  electrical  boundary  having  an  important  relation 
to  the  grouping  or  disposition  of  the  electrical  particles  in  regard 
to  each  other  and  to  surrounding  matter.  This  boundary  in  circles 
or  globes  is  represented  by  their  circumferences.  In  plane  rect- 
angular surfaces  it  is  their  linear  extension  or  perimeter.  If  this 
boundary  be  constant,  their  electrical  charge  varies  with  the  square 
root  of  the  mrface.  If  the  surface  be  constant,  the  charge  varies  with 
the  square  root  of  the  boundary,  li  the  surface  and  boundary  both 
vary,  the  charge  varies  with  the  square  root  of  the  surface  muUiplied 
into  the  square  root  of  the  boundary. 

Thus  calling  G  the  charge,  S  the  surface,  B  the  boundary,  and  jm  some 
arbitrary  constant  depending  on  the  electrical  unit  of  charge,  we  have 

C=m\/S7B 
which  will  be  found,  with  some  exceptions,  a  general  law  of  electrical 
charge. 

It  follows  from  this  formula,  that  if  when  we  double  the  surface 
we  also  double  the  boundary,  the  charge  will  also  be  double.  In 
this  case  the  charge  may  be  said  to  vary  with  the  surface,  since  it 
varies  vnth  the  square  root  of  the  surface  multiplied  into  the  square 
root  of  the  boundary.  If,  therefore,  the  surface  and  boundary  both 
increase  together,  the  charge  will  vary  v^ith  the  square  of.  either 
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quantity.    The  quantity  of  electricity,  therefore^  which  the  sur* 
faces  can  sustain  under  these  conditions  will  be  as  the  surface. 

If  I  and  b  represent  respectively  the  length  and  breadth  of  a  plane 
rectangular  8arfaice»  then  the  charge  of  each  a  surface  is  expressed  by 

piVzib  (/+*) 
which  is  found  to  agree  perfectly  with  experiment. 

It  is  necessary,  however,  to  bear  in  mind  the  difference  betweeu 
electrical  charge  and  ehctrical  intensity.  By  the  former  Harris  un- 
derstands the  quantity  which  can  be  sustained  upon  a  given  surface 
under  a  given  electrometer  indication ;  by  the  latter  the  '  electro^ 
meter  indication '  answering  to  a  given  quantity  upon  a  given  sur- 
face. By  the  term  quantity  of  electricity,  he  understands  the  actual 
amount  of  the  unknown  agency  constituting  electrical  force  as  repre- 
sented by  some  arbitrary  quantitative  electrical  measure. 

The  electrical  intensity  of  plane  rectangular  surfaces  Harris 
found  to  vaiy  in  an  inverse  ratio  of  the  boundary  multiplied  into 
the  surface.  If  the  surface  be  constant  the  intensity  is  inversely 
as  the  boundary.  If  the  boundary  be  constant  the  intensity  is  in- 
versely as  the  surface.  If  both  vary  alike  and  together,  the  inten- 
sity is  as  the  square  of  either  quantity,  so  that  if  when  the  surface 
be  doubled,  the  boundary  be  also  doubled,  the  intensity  will  be 
inversely  as  the  square  of  the  surface.  The  intensity  of  a  plane 
rectangular  surface  being  given,  we  may  always  deduce  therefrom 
its  electrical  charge  under  a  given  greater  intensity,  since  we  only 
require  to  determine  the  increased  quantity  requisite  to  bring 
the  electrometer  indications  up  to  the  given  required  intensity. 
This  is  readily  deduced,  the  intensity  being  by  a  well-established 
law  of  electrical  force  as  the  square  of  the  quantity. 

These  laws  relating  to  charge,  surface,  intensity,  &c.,  apply  more 
especially  to  continuous  surfaces  taken  as  a  wAofe,  and  not  to  sur- 
faces divided  into  separated  parts.  If  the  result  of  an  electrical 
accumulation  upon  a  plane  rectangular  surface  taken  as  a  whole  be 
examined,  and  the  results  of  the  same  accimiulation  upon  the  same 
8iu*face  divided  into  two  equal  and  similar  portions  distant  from 
each  other,  it  is  found  that  if  as  the  quantity  is  increased  the  sur- 
face and  boundary  be  likewise  increased  the  intensity  does  not 
change. 

If  three  or  more  separated  equal  spheres  be  charged  with  three  or  more 
equal  quantities  of  electricity,  and  be  each  placed  in  separate  connection  with 
the  electrometer,  the  intensity  of  the  whole  is  not  greater  than  the  intensit; 
of  one  of  the  parts.  Similarly,  a  battery  of  five  equal  and  similar  jars 
charged  with  a  given  quantity  of  electricity  =i,  has  the  same  intensity  as  a 
battery  of  ten  equal  and  similar  jars  with  a  quantity =2,  ro  that  the  intensity 
of  the  ten  jars  taken  together  is  no  greater  than  the  intensity  of  one  of  the 
jars  talten  sing^. 
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In  accumulating  a  double  quantity  upon  a  given  surface  divided 
into  two  equal  and  separate  parts,  the  boundaries  of  each  being  the 
same,  the  intensity  varies  inversely  as  the  square  of  the  surface, 
hence  two  separate  equal  parts  can  receive,  taken  together  under 
the  same  electrometer  indication,  ttpice  the  quantity  which  either 
can  receive  alone,  in ,  which  case  the  charge  varies  with  the 
surface. 

Thos  if  a  given  quantity  of  electricity  be  disposed  upon  two  equal  and 
siiBilar  jars  instead  of  npon  one  of  the  jars  only,  the  intensity  apon  the  two 
jars  will  be  only  one-fourth  the  intensity  of  one  of  them,  since  the  intensity 
in  this  case  varies  with  the  square  of  the  surfaee  inversely,  whilst  the 
quantity  upon  the  two  jars  under  the  same  electrometer  indication  will  be 
double  the  quantity  upon  one  of  them  only ;  in  which  case  the  charge  varies 
with  the  surface,  the  mtensity  being  constant.  If,  therefore,  as  we  increase 
the  number  of  equal  and  similar  jars  we  increase  also  the  quantity,  the 
intensity  remains  the  same,  and  the  charge  will  increase  with  the  number 
of  jars. 

Taking  a  given  surface,  therefore,  in  equal  and  divided  parts,  as  for 
example,  yimr  equal  and  similar  electric^tl  jars,  the  intensity  is  found  to  vary 
with  the  square  of  the  quantity  directly  (the  number  of  jars  remaining  the 
same)  and  with  the  square  of  the  surface  invertefy  (the  number  of  jars  being 
increased  or  diminished) ;  hence  the  charge  will  vary  as  the  square  of  the 
quantity  divided  by  the  square  of  the  surface,  and  we  have,  calling  C  the 
charge,  Q  the  quantity,  and  S  the  surface, 

which  formula  fully  represents  the  phenomenon  of  constant  intensity 
attendant  upon  the  charging  of  equal  separated  surfaces  with  quantities 
increasing  as  the  surfaces,  as  in  the  case  of  charging  an  increasing  number 
of  equal  electrical  jars. 

(34)  VelooltT-  of  BleotrlettT-. — This  is  so  great  that  the  most 
rapid  motion  that  can  be  produced  by  art  appears  to  be  actual  rest 
when  compared  with  it.  A  wheel  revolving  with  a  rapidity  suf- 
iicienf  ilp  render  its  spokes  invisible,  when  illuminated  by  a  flash 
of  elecmcity  is  seen  for  an  instant  with  all  its  spokes  distinct  as  if 
it  were  in  a  state  of  absolute  repose ;  because  however  rapid  the 
rotation  may  be,  the  light  has  come  and  already  ceased  before  the 
wheel  has  had  time  to  turn  through  a  sensible  space.  Insects  on 
the  vnng,  when  electrically  illuminated,  appear  fixed  in  the  air ; 
and  a  rapid  succession  of  (kops  of  water,  appearing  to  the  unaided 
eye  a  continuous  stream^  is  seen  under  the  electric  light  to  be  what 
it  really  is. 

Let  a  circular  piece  of  pasteboard  be  divided  into  three  sections,  let  one  be 
painted  blue,  another  yelhw,  and  a  third  red.  Cause  it  to  rotate  rapidly,  it 
will  appear  white,  because  a  sunbeam  consists  of  a  mixture  of  these  colours, 
and  the  rapidity  of  the  motion  causes  the  distinction  of  colours  to  be  lost  to 
the  eye ;  but  the  instant  the  pasteboard  is  illuminated  by  the  electric  spark, 
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it  seeina  to  stand  still,  and  each  colour  appears  as  distinct  as  if  the  disc  were 
at  rest, 

.  By  a  beautiful  application  of  this  principle^  Wheatstone  con* 
trived  an  apparatus  by  which  he  demonstrated  that  the  light  of 
tbe  electric  discharge  does  not  last  the  one-millionth  part  of  a  second 
of  time.  His  plan  was  to  view  the  image  of  a  spark  reflected  from 
a  plane  mirror,  which,  by  means  of  a  train  of  wheels,  was  kept  in 
rapid  rotation  on  a  horizontal  axis.  The  number  of  revolutions 
performed  by  the  mirror  was  ascertained  to  be  800  in  a  second, 
during  which  time  the  image  of  a  stationary  point  would  describe 
1,600  circles,  because  from  the  laws  of  reflection  the  image  of  an 
object  in  a  revolving  mirror  has  t^oice  the  angular  velocity  of  the 
latter,  and  the  elongation  of  the  spark  through  half  a  degree  would 
indicate  that  it  exists  TT^^nrry^  P*"^  ^^  ^  second,  A  jar  was  dis* 
charged  through  a  copper  wire  half  a  mile  in  length,  interrupted 
both  in  the  middle  and  also  at  its  two  extremities,  so  as  to  give 
three  distinct  sparks.  The  deviation  of  half  a  degree  between  the 
two  extreme  sparks  would  indicate  a  velocity  of  576,000  miles  in 
a  second.  This  estimated  velocity  is  on  the  supposition  that  the 
electricity  passes  from  one  end  of  the  wire  to  the  other ;  if,  how- 
ever, according  to  the  two  fluid  theory,  the  two  electricities  travel 
simultaDeously  from  the  two  ends  of  the  wir«,  the  two  external 
sparks  will  keep  their  relative  positions,  the  middle  one  alone  being 
deflected,  and  the  velocity  measured  will  be  only  one  half  that  in 
the  former  case,  viz.,  288,000  miles  in  a  second. 

The  following  were  the  results  actually  obtained : — ^In  all  cases 
when  the  velocity  of  the  mirror  exceeded  a  certain  limit  the  three 
sparks  were  elongated  into  three  parallel  lines,  and  the  lengths 
became  greater  as  the  velocity  of  the  mirror  was  increased.  The 
greatest  elongation  observed  was  about  24°,  indicating  a  duration 
of  about  the  24,000th  part  of  a  second.  When  the  velodty  was 
low  the  terminating  points  appeared  to  be  exactly  in  Ir  same 
vertical  line,  but  when  the  velocity  was  considerable,  and  the 
mirror  revolved  towards  the  right  the  lines  assumed  the  appear- 
ance    ^  when  it  revolved  towards  the 

left  they  appeared  = ;  but  in  no  case 

were  they  seen  ~    ■  -        or  -        as 

required  by  the  hypothesis  of  a  single  fluid. 

There  are,  however,  great  discrepancies  in  the  different  measure- 
ments which  have  been  recorded  of  the  velocity  of  electricity, 
thus ; — 

Walker  (America)  with  telegraph  iron  wire  makes  it  18,780  miles  per  second. 
0*Mitchell  (America)  „  „  28,524     „  „ 
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Fizeaa  and  Gonnelle,  copper  wire,  make  it  .    •    ,    112,680  miles  per  second 
ff  n  iron  wire  ,,        •    «    •      62,600     „  „ 

TAstronomers  of  Greenwich  and  Brussels,  copper, )     - -00 

Lon  Jon  and  Brussels  telefrraph,  make  it         j     *»7oo     „  ,> 

Astronomers  of  Greenwich  and  Edinburgh,  copper, )        g^ 

London  and  Edinburgh  telegraph,  make  it     J      ''  *'  " 

But  in  regard  to  the  long  circuits  included  in  the  above  experi- 
ments, the  conducting  power  of  the  wires  cannot  be  understood, 
while  no  reference  is  made  to  their  lateral  static  induction  (p.  53),  or 
to  the  conditions  of  intensity  and  quantity  which  then  come  into 
play,  especially  in  the  case  of  short  or  intermitting  currents,  for 
then  static  and  dynamic  are  constantly  passing  into  each  other. -^ 
{Faradai/,) 

(35)  Pliysiologleal  Sirects. — The  sensation  experienced  when 
the  body  is  made  part  of  an  electrical  circuit  through  which  a 
Leyden  phial  is  discharged  is  too  universally  known  to  need 
description. 

A  small  charge  determined  down  the  spine  generally  causes  a 
person  to  fall  to  the  ground ',  the  discharge  of  a  powerful  battery 
in  the  same  direction  would  probably  prove  fatal. 

Animals  the  most  tenacious  of  life  are  destroyed  by  energetic 
shocks  passed  through  them.  Van  Marum  found  that  eels  are 
instantly  killed  when  moderate  shocks  are  sent  through  their 
bodies.  It  was  first  shown  by  Dr.  Watson,  soon  after  the  discovery 
of  the  Leyden  phial,  that  the  shock  may  be  transmitted  through 
the  bodies  of  several  men  touching  each  other.  For  this  purpose, 
all  must  join  hands,  the  first  touching  the  outside  of  the  phial, 
and  the  last  the  knob ;  those  in  the  centre  will  receive  a  less 
violent  shock  than  those  near  the  two  extremities  of  the  chain,  a 
phenomenon  which  favours  the  hypothesis  of  two  fluids.  Dr, 
Watson  in  1 747  conveyed  the  electric  shock  across  the  Thames  at 
Westminster  Bridge,  and  a  few  days  after  he  caused  it  to  make  a 
circuit  of  two  miles  at  the  New  Kiver  at  Stoke  Newington.  The 
Abb^  Nollet  communicated  a  shock  to  an  entire  regiment  of  1,300 
men ;  and  at  the  convent  of  Carthusians  the  shock  from  the  dis- 
charge of  a  large  Leyden  jar  was  felt  by  every  individual  in  a 
circuit  which  comprised  5,400  feet. 

The  bodies  of  animals  killed  by  a  powerful  shock  of  electricity 
are  found  to  undergo  rapid  putrefaction,  and  it  is  a  remarkable 
fact  that  after  death  the  blood  does  not  coagulate. 

When  Ihe  Leyden  phial  was  first  discovered,  it  was  imagined 
that  an  agent  of  almost  unlimited  medical  power  was  raised,  and 

*  AthencBum,  January  14,  1854 
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it  was  applied  indisciimiQatelj  for  the  cure  of  the  most  opposite 
diseases.  The  failures  consequent  on  such  quackery  brought  elec- 
tricity into  disrepute,  and  for  a  long  time  its  use  was  almost  dis- 
carded. It  is  now  more  generally  employed,  and  has  been  foimd 
of  service  in  many  cases,  such  as  in  palsy,  contractions  of  the 
limbs,  rheumatism,  St  Yitus's  dance,  some  kinds  of  deafiiess,  and 
impaired  Tision. 

(36)  Cliemieal  Mtteetmm — T^en  a  succession  of  electric  dis- 
charges is  sent  through  water,  decomposition  of  that  fluid  takes 
place,  the  elements  assuming  the  gaseous  form.  Dr.  WoUaston, 
by  sealing  fine  gold  wires  into  glass  tubes,  and  then  grinding  them 
down  so  as  to  disclose  points  from  y^th  to  ttW^  ^  &^  ^Q^h 
in  diameter,  found  that  sparks  from  a  conductor  passing  through 
water  from  points  so  guarded  to  the  distance  of  from  |th  to  7\yth 
of  an  inch,  effected  its  decomposition. 

By  passing  a  succession  of  shocks  through  a  small  quantity  of 
water  tinged  blue  by  litmus,  the  liquid  in  a  short  time  acquires  a 
red  tinge,  while  the  air  in  the  tube  suffers  a  diminution.  This 
experiment  was  first  made  by  Priestley,  but  it  was  Cavendish  who 
demonstrated  that  the  reddening  of  the  litmus  was  occasioned  by 
the  formation  of  nitric  acid. 

By  the  following  instructive  experiments  it  was  shown  by 
Faraday  (Ex,  Research,  Series  v.  p.  1062  et  seq.)  that  to  effect 
chemical  decomposition  by  frictional  electricity,  two  metallic  poles 
are  not  required,  and  that  even  air  may  act  as  a  pole  :— 

I.  A  piece  of  turmeric  paper  0*4  of  an  inch  long  and  0*3  of  an  inch  wide 
-was  moistened  with  sulphate  of  soda,  and  placed  upon  the  edge  of  a  glass 
plate  opposite  to,  and  about  two  inches  from,  a  point  connected  with  a 
discharging  train.  A  piece  of  tin-foil,  resting  upon  the  same  glass  plate, 
was  connected  with  the  machine  and  also  with  the  turmeric  paper  by  the 
decomposing  wire  o.  Fig.  56.     The  machine  was  then  worked,  the  positive 

Fig.  56. 


electricity  passing  into  the  turmeric  paper  at  the  point  />,  and  out  at  the 
extremity  n.    After  forty  or  fifty  turns  of  a  powerful  machine,  the  extremity 
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H  was  examined,  and  the  two  points  or  angles  were  fonnd  to  be  coloured 
brotanj  evincing  the  presence  of  free  alkali,  and  consequently  the  decomposi- 
tion of  the  sulphate  of  soda. 

2.  A  similar  piece  of  litmus  paper  dipped  in  a  solution  of  sulphate  of  soda 
(Fig.  57)  was  now  supported  upon  the  end  of  the  discharging  train  a,  and 

Fig.  57. 


its  extremity  brought  opposite  to  a  point  p,  connected  with  the  conductor  0 
the  machine.  After  a  short  time  acid  was  developed  at  both  corners  towards 
the  point,  i.  e.  at  both  comers  receiving  electricity  from  the  air.  Then  a  long 
piece  of  turmeric  paper,  large  at  one  end  and  pointed  at  the  other,  was 
moistened  in  the  saline  solution,  and  immediately  connected  with  the  con- 
ductor of  the  machine,  so  that  its  pointed  extremity  was  opposite  a  point 
upon  the  discharging  train.  When  the  machine  was  worked  alkali  was 
evolved  at  that  point ;  and  even  when  the  discharging  train  was  removed, 
and  the  electricity  left  to  be  diffused  and  carried  off  altogether  by  the  air, 
still  alkali  was  evolved  where  the  electricity  left  the  turmeric  paper. 

The  following  arrangement  was  employed  by  Faraday  for  effect- 
ing polar  electro-chemical  decomposition  by  common  electricity : — 

On  a  glass  plate  raised  above  a  piece  of  white  paper,  two  small  slips  of 
tin- foil,  a  b,  were  placed;  one  was  connected  by  an  insulated  wire,  c,  with 

Fig.  58. 


an  electrical  machine,  and  the  other  by  the  wire  g  with  the  negative  con- 
ductor. Two  pieces  of  platinum  wire  were  bent,  and  arranged  so  that  the 
points/)  n  became  the  decomposing  poles.  They  were  placed  on  a  piece  of 
filtering  paper,  wetted  with  the  solution  to  be  experimented  upon.    When 

•  F 
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litmus  paper,  moistened  in  a  solution  of  common  salt  or  sulphate  of  soda, 
was  employed  it  was  quickly  reddened  at  p ;  a  similar  piece  moistened  in 
hydrochloric  acid  was  very  soon  bleached  at  the  same  point,  but  no  effects 
of  a  similar  kind  took  place  at  n. 

A  piece  of  tunneric  paper  moistened  in  solution  of  sulphate  of  soda  was 
reddened  at  n  by  two  or  three  turns  of  the  machine,  and  in  twenty  or  thirty 
turns  plenty  of  ixikali  was  there  evolved.  On  tuniing  the  paper  round  so 
that  the  spot  came  under  p,  and  then  working  the  machine,  the  alkali  soon 
disappeared,  the  plate  became  yellow,  and  a  brown  alkaline  spot  appeared  in 
the  new  part  under  n.  When  pieces  of  litmus  and  turmeric  paper,  both 
wetted  with  solution  of  sulphate  of  soda,  were  combined,  and  put  upon  the 
glass  so  that  p  was  on  the  litmus  and  n  on  the  turmeric,  a  very  few  turns  of 
the  machine  sufficed  to  show  the  evolution  of  acid  at  the  former  and  of  alkali 
at  the  latter. 

In  these  experiments  the  direct  passage  of  sparks  must  be  care- 
fully avoided.  If  sparks  be  passed  over  moistened  litmus  paper  it 
is  reddened,  and  if  over  paper  moistened  with  solution  of  iodide  of 
potassium,  iodine  is  evolved.  But  these  effects  must  be  distin- 
guished from  those  due  to  electro-chemical  powers  or  true  electro- 
It/tic  action,  and  must  be  carefully  avoided  when  the  latter  are 
sought  for.  The  effect  just  mentioned  is  occasioned  by  the  forma- 
tion of  nitric  acid  by  the  chemical  imion  of  the  oxygen  and  nitrogen 
of  the  air.  The  acid  so  formed  is  in  a  high  state  of  concentration, 
and  therefore  reddens  the  litmus  paper,  and  decomposes  the  iodide. 

(37)  Maffnetto  Bffecttfh — The  magnetic  power  of  the  fictional 
electric  current,  though  far  inferior  to  that  of  the  voltaic  current,  is 
nevertheless  decisive. 

1.  Lay  an  nnmagnetised  steel  needle  transversely  on  a  strip  of  copper,  a 
thin  plate  of  glass  or  a  piece  of  gutta-percha  being  interposed  between  the 
two ;  pass  a  few  discharges  from  the  Leyden  phial  along  the  copper,  the 
needle  will  be  found  to  have  become  magnetic ;  note  the  polarity  given  to 
the  point  of  the  needle,  then  make  a  similar  experiment  with  another  needle, 
placing  it  under  the  copper  plate ;  the  polarity  will  be  found  to  be  reversed. 
In  the  first  experiment  the  end  of  the  needle,  which  lay  to  the  right  of  the 
electric  current,  will  be  a  north  pole ;  in  the  second  experiment  it  will  be  a 
south  pole. 

2.  Place  an  nnmagnetised  needle  within  a  spiral  of  copper  wire  covered 
with  silk ;  a  few  sparks  from  the  prime  conductor  of  a  powerful  machine  will 
render  it  magnetic ;  a  charge  from  a  Leyden  phial,  sent  through  the  coil, 
will  render  it  powerfully  so.  The  needle  being  magnetised  and  its  polarity 
noted,  let  it  be  replaced  in  the  spiral,  and  transmit  the  electric  current  so 
that  the  north  pole  of  the  needle  shall  lie  on  the  right  hand  of  the  direction 
in  which  the  current  moves ;  after  a  few  discharges  the  polarity  of  the  needle 
will  be  reversed. 

When  a  powerful  discharge  is  determined  through  tie  wire  of  a 
galvanometer,  the  needle  is  deflected,  but  the  effect  is  very  feeble. 
A  more  satisfactory  result  is  obtained  when  the  end  of  the  galvano- 


Digitized  by 


Google 


ATMOSPHERIC  ELECTRICITY.  67 

meter  wire  is  connected  with  the  discharging  rod  by  a  wet  string 
three  or  four  feet  long,  the  reason*  being,  as  in  the  case  of  the 
ignition  of  gunpowder,  that  the  velocity  of  the  discharge  is  thereby 
lessened.  It  results  from  the  experiments  of  Faraday  (JEr.  He- 
search,f  Series  III.,  pp.  361  et  seq.)  that  the  deflecting  force  of  an 
electric  current  is  directly  proportional  to  the  absolute  quantity  of 
electricity  passed,  at  whatever  intensity  that  electricity  may  be. 

Ex.  Eight  Ley  den  2»T»t  arranged  as  a  battery,  were  charged  by  thirty  tum» 
of  a  powerful  machine,  and  discharged  through  the  wire  of  a  galvanometer, 
a  thick  wet  string  about  ten  laches  long  being  included  in  the  circuit  The 
needle  was  deflected  five-and-a-half  divisions.  Seven  other  equal-sized 
jars  were  then  added,  and  the  whole  fifteen  charged  as  before  by  thirty  turns 
of  the  machine,  the  galvanometer  needle  passed  exactly  to  the  same  division 
as  in  the  former  instance.  The  battery  of  fifteen  jars  was  then  charged  by 
.  sixty  revolutions  of  the  machine,  and  discharged  as  before  through  the 
galvanometer ;  the  needle  was  now  deflected  to  the  eleventh  division,  an  arc 
exactlv  double  the  fonner.  • 


CHAPTER  V. 


Atmospheric  Electricity — Annual  and  Diurnal  Changes — Observations  at 
Kew  and  Brussels  —  Instruments  for  Collecting  and  Examining  Atmo* 
spheric  Electricity — Thunder  and  Lightning — Lightning  Conductors — 
Tornadoes — ^Waterspouts — The  Aurora  Borealis — Action  of  Atmospheric 
Electricity  on  the  Wires  of  the  Electric  Telegraph. 

(38)  Tlie  Atmospliere  tbe  yreat  Vatnral  Xeserrotr  of 
BleetrioltT'. — ^That  part  of  our  planet  in  which  the  electricity 
evolved  by  various  processes  accumulates  is  the  atmosphere;  here  it 
varies  both  in  condition  and  in  intensity.  When  the  air  is  clear,. 
and  the  sky  serene,  it  is  generally  positive  5  in  damp  or  rainy 
weather,  it  is  occasionally  negative.  It  is  more  powerful  in  the 
higher  regions  than  in  the  lower ;  it  is  stronger  in  winter  than  in 
summer ;  and  when  the  air  is  still,  it  is  more  intense  than  during 
the  prevalence  of  wind. 

The  transitions  in  the  electrical  state  of  the  atmosphere  were 
freq[uently  observed  by  Humboldt  during  his  travels  in  the  equi- 
noctial regions  of  the  new  continents. 

*I  saw  on  the  banks  of  the  River  Apure,'  he  writes  (TVave/s,  Vol.  II.  p. 
143),  *  what  I  had  often  observed  on  the  ridges  of  the  Alps  during  a  storm, 
that  the  electricity  of  the  atmosphere  was  first  positive,  then  nil,  then 
negative.     These  oscillations  from  xMMitive  to  negative  were  fluently 

repeated We  noticed  in  the  valleys  of  Aragua  the  increase  of 

atmospheric  electricity,  with  the  augmentation  of  vesicular  vapours ;  and 
the  electrometer  of  Yolta  constantly  displayed  at  sunset  positive  electricity. 
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Daring  whole  hours  in  the  daytime  the  electricity  was  nil,  then  it  would 
become  very  strong,  and  soon  after  again  imperceptible.' 

(39)  Annnal  and  Binmal  Cliaiiffes.  —  The  intensity  of  the 
free  electricity  of  the  atmosphere  increases  from  the  month  of  July 
to  the  month  of  Novemher^  inclusive.  It  is  also  suhject  to  diurnal 
variations^  there  heing  two  maxifna  and  two  minima  every  twenty- 
four  hours.  The  first  minimum  takes  place  a  little  before  the 
rising  of  the  sun ;  as  it  rises^  the  intensity  at  first  gradually  and 
then  rapidly  increases,  and  arrives  at  its  first  maximum  a  few 
hours  after.  This  excess  diminishes  at  ^rst  rapidly  and  afterwards 
slowly,  and  arrives  at  its  minimum  some  hours  before  sunset.  It 
reascends  when  the  sun  approaches  the  horizon,  attains  its  second 
maximum  a  few  hours  after,  then  diminishes  till  sunrise,  and  pro- 
ceeds in  the  order  already  indicated. 

(a)  Observations  at  the  Kew  Observatory  (Ronalds), — A  series 
of  electrical  readings  was  taken  at  the  Kew  Observatory  during  a 
period  of  three  years  and  seven  months,  viz.,  from  January  1 844 
to  July  1848.  The  observations  recorded  amounted  to  10,500  ; 
10,176  of  which  were  positive,  and  324  negative.  The  greatest 
number  of  positive  observations,  viz.  1,047,  were  recorded  at 
8  A.M.,  and  the  least  number,  viz.  566,  at  6  a.m.  ;  the  hour  of 
minimum  tension  was  2  a.m.,  a  gradual  rise  taking  place  from  that 
hour  until  6  a.m.  Between  the  hours  of  6  and  8  a.m.  a  rapid  rise 
occurred,  the  tension  being  nearly  doubled;  it  then  increased 
gradually  until  10  a.m.,  when  a  maximum  was  passed,  after  which 
it  gradually  declined  until  4  p.m.,  the  epoch  of  diurnal  minimum 
as  contradistinguished  from  the  nocturnal  minimum.  The  tension 
then  rapidly  increased  until  8  p.m.,  and  at  10  p.m.  passed  another 
maximum  rather  considerably  above  the  maximum  of  10  a.m. 
From  10  P.M.  to  midnight  the  diminution  of  tension  was  enormous. 
The  midnight  value  was  but  slightly  above  the  value  at  2  A.M., 
the  epoch  of  the  minimum. 

Of  the  10,176  positive  observations,  5,514  were  taken  in  the 
summer  months,  and  4,662  in  the  winter  months.  Greater  uni- 
formity prevailed  during  the  summer  than  during  the  winter, 
though  there  was  a  considerable  diminution  of  tension  between 
10  P.M.  and  midnight;  2  a.m.  was  the  epoch  of  the  principal  mini- 
mum, the  tension  gradually  rising  until  10  p.m.,  the  forenoon 
maximum ;  the  succeeding  minimum  occurred  at  noon,  gradually 
rising  till  6  p.m.,  and  then  rapidly  till  10  p.m.,  the  principal  maxi- 
mum, from  which  time  till  midnight  the  decline  was  very  con- 
siderable. In  the  winter  the  range  and  amount  of  tension  was 
much  greater  than  in  the  summer:  the  minimum  was  at  4  a.m., 
rising  gently  to  6  a.m.,  and  rapidly  to  10  a.m.,  the  forenoon 
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maximum ;  then  gradually  sinking  to  4  p.m.,  the  afternoon  mini- 
mum ;  and  again  rapidly  rising  till  8  p.m.,  the  epoch  of  the  evening 
maximum,  the  fall  from  which  to  midnight  being  enormous. 

In  both  winter  and  summer  a  double  progression  was  most  dis- 
tinctly exhibited.  The  points  of  maxima  and  minima  were  well 
marked,  and  in  most  cases  a  tolerable  fixity  of  epoch  was  presented. 
The  presence  of  fog,  occurring  mostly  on  those  occasions  when 
high  electrical  tensions  were  observed,  and  serene  weather  being 
mostly  characterised  by  low  tensions,  suggested  the  probability 
that  the  forenoon  and  evening  maxima  result  more  or  less  from  the 
presence  of  aqueour  vapour,  either  in  an  invisible  or  in  a  con- 
densed state. 

The  discussion  (by  Mr.  Birt)  of  the  whole  series  of  observations 
discloses  a  march  of  electrical  tension  during  the  twenty-four  hours 
constituting  the  period  of  a  day.  The  march  presents  two  well- 
defined  maxima,  in  most  instances  removed  from  each  other  by  an 
interval  of  twelve  hours;  the  principal  occurring  at  10  p.m.,  and 
the  inferior  at  10  A.M.  The  principal  minimum  occurred  at  4  a.m., 
and  the  subordinate  at  4  p.m.  Speaking  generally,  in  the  diurnal 
period  the  periods  characterised  by  high  and  low  tensions  are 
those  at  which  the  sun  is  above  and  below  the  horizon ;  but^in  the 
annual  period  the  reverse  appears  to  take  place,  the  highest  tension 
being  exhibited  during  that  portion  of  the  year  in  which  the  sun 
is  removed  from  the  northern  temperate  zone.  A  general  corres- 
pondence is  shown  as  to  the  months  exhibiting  the  greatest  degree 
of  humidity  and  the  greatest  electrical  tension.  The  tension  at 
sunset  was,  with  but  few  exceptions,  higher  than  at  sunrise. 

The  majority  of  instances  in  which  negative  electricity  was 
exhibited,  were  characterised  by  two  very  interesting  features :  one 
was  the  foiling  of  heavy  rain,  and  the  other  the  occurrence  of 
cirro-strati  and  cirro-cumuli,  which  clouds  were  considered  as  having 
contributed  their  quota  to  the  development  of  the  electricity  ob- 
served. The  observations  were  too  few  to  deduce  a  diurnal  period 
for  negative  electricity,  but  they  pointed  out  a  connection  between 
negative  reading  and  the  prevalence  of  clouds,  and  they  revealed 
indications  of  considerable  disturbances  of  a  systematic  character. 

(b)  Observations  at  the  Royal  Obseroatory  in  Brussels  (Quetelet). 
— These  were  continued  from  the  beginning  of  August  1844  till  the 
end  of  December  1848.     They  show : — 

1.  That  atmospheric  electricity,  considered  in  a  general  manner, 
attains  its  maximum  in  January,  and  progressively  decreases  till 
June,  which  month  presents  a  minimum  of  intensity  j  it  augments 
during  the  following  months  till  the  end  of  the  year. 

2.  That  the  maximum  and  minimum  of  the  year  have  for  their 
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respective  values  605  and  47  ;  so  that  the  electricity  in  January  is 
thirteen  times  more  energetic  than  in  the  mbnth  of  Jime. 

3.  That  the  difference  between  the  maximum  and  minimum  is 
much  more  sensible  in  serene  than  in  cloudy  weather,  but  that  in 
the  months  of  June  and  July,  when  the  electricity  attains  its 
minimum,  the  reading  is  very  nearly  the  same  whatever  be  the 
state  of  the  sky. 

Quetelet  also  noticed  a  strong  electricity,  either  positive  or  nega- 
tive, at  the  approach  or  cessation  of  rain.  During  the  whole  four 
years  included  in  his  register,  the  electricity  was  observed  to  be 
negative  only  twenty-three  times,  and  these  indications  either  pre- 
ceded or  followed  rain  and  storms. 

The  following  conclusions,  deduced  lay  Quetelet  from  his  obser- 
vations made  to  ascertain  the  diurnal  variations  of  atmospheric 
electricity,  are  in  close  accordance  with  those  of  Birt,  as  deduced 
from  the  Kew  observations  :— 

1.  The  electricity  of  the  air,  estimated  always  at  the  same  height,  under- 
goes  a  diurnal  variation,  which  generally  presents  two  maxima  and  two 
minima. 

2.  The  maxima  and  minima  vary  according  to  the  ditferent  periods  of 
the  year. 

3.'  The  first  maximum  occurs  in  summer,  before  8  a.m.,  and  towards  10  a.m. 
in  winter.  The  second  maximum  is  observed  after  9  p.m.  in  the  evening  in 
summer,  and  towards  6  p.m.  in  winter.  The  interval  of  time  which  separates 
the  two  minima  is  therefore  more  than  thirteen  hours  at  the  epoch  of  the 
summer  solstice,  and  eight  hours  only  at  the  winter  solstice. 

4.  The  minimum  of  the  da}^  presents  itself  towards  3  o'clock  in  the 
summer,  and  towards  i  o'clock  in  winter. 

5.  The  instant  which  best  represents  the  meaif  electric  state  of  the  day  in 
the  dififerent  seasons  occurs  about  1 1  a.m. 

(40)  Observations  of  Becoaria  and  Tliomson.— Beccaria  has 
remarked  on  the  rare  occurrence  of  negative  atmospheric  indications 
during  fair  weather :  during  a  period  of  fifteen  years  he  recorded 
the  electrical  state  of  the  atmosphere  negative  only  six  times )  but 
Thomson  found,  on  several  days  of  fair  unbroken  weather  in  April 
and  May,  negative  atmospheric  indications  during  short  periods, 
and  on  each  occasion  there  was  a  sudden  change  in  the  wind — 
generally  from  NE.  to  NW.,  W.,  or  SW. 

Thomson  explains  the  reversed  electric  indications  observed 
about  the  time  of  a  change  of  wind  in  the  following  manner : — 

The  lower  air  up  to  some  height  above  the  earth  must  in  general  be  more 
or  less  electrified  with  the  same  kind  of  electricity  as  that  of  the  earth's 
surface ;  and  since  this  reaches  a  high  degree  of  intensity  on  every  tree-top 
and  pointed  vegetable  fibre,  it  must  always  cause  more  or  less  of  the  pheno- 
menon which  becomes  conspicuous  as  the  light  of  Castor  and  Pollux,  known 
to  the  ancients,  or  the  fire  of  St.  Elmo,  described  by  modern  sailors  in  the 
Mediterranean,  and  which  consists  of  a  flow  of  electricity,  of  the  kind  pos- 
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Beased*  by  the  earth,  into  the  air.  Hence  in  fair  weather  the  lower  air  must 
be  negativej  although  the  atmospheric  potential  even  close  to  the  earth's 
surface  is  still  generally  positive.  But  if  a  considerable  area  of  this  lower 
stratum  is  carried  upwards  into  a  column  over  any  locality,  by  wind  blowing 
inwards  from  different  directions,  its  effects  may  for  a  time  predominate, 
and  give  rise  to  a  negative  potential  in  the  air,  and  a  positive  electrification 
of  the  earth's  surface.  If  this  explanation  be  correct,  a  whirlwind  (such  as 
is  often  experienced  on  a  small  scale  in  hot  weather)  must  diminish  and 
may  reverse  the  ordinary  positive  indications. 

(41)    Instraments   for    ■«-  1^'ig- 59* 

amlnlwg  tbe  Slectrlcal  Con- 
ditloii  af  lOte  Xiower  Atmo- 
spbere. 

1.  The  Exploring  Conductor  at  Kew 
O&sertNito;^.— This  is  a  conical  tube  of 
thin  copper  raised  16  feet  above  the 
dome  of  the  building,  carrying  at  the 
top  a  small  lantern  or  collecting  lamp,  ' 
provided  with  a  little  cowl,  which  can 
be  raised  or  lowered  at  pleasure  by 
means  of  a  silk  cord.  The  conductor 
is  firmly  screwed  into  a  strong  brass 
tube,  which  is  cemented  to  a  well-an- 
nealed hollow  glass  pillar,  the  lower 
end  of  which  is  trumpet-shaped  and 
ground  flat,  and  is  firmly  secured  to 
a  pedestaL  The  glass  tube  is  kept 
constantly  warmed  by  a  small  oil  lamp, 
the  closed  copper  chimney  of  which 
enters  but  does  not  actually  touch  it. 
The  brass  tube  carries  at  its  lower  end 
three  or  four  arms,  at  right  angles  to 
each  other,  with  which  the  electro- 
meters and  other  electrical  apparatus 
are  connected.  The  conductor  at  the 
point  where  it  enters  the  dome  is  pro- 
tected fW>m  the  weather  by  an  inverted 
Cf^per  disk.  By  this  mode  of  ar- 
rangement the  active  parts  of  all  the 
electrometers  and  the  conductor  itself 
are  insulated  by  one  common  and  effi- 
cient insulator.  A  safety  conductor  in 
good  communication  with  the  earth  is 
attached  to  the  pedestal. 

2.  The  Exploring  Conductor  at  the 
Greenwich  Observatory.  —  This  is  ar- 
ranged in  a  similar  mann^ :  b  (Fig. 
59)  is  the  copper  tube,  on  which  the 
lantern,  containing  a  lamp  (a)  which  is 
always  burning,  slides.    The  rod  is 

-supported  on  a  cone  of  glass,  the  lower 
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part  of  which  is  hollowed  oat  and  lined  with  copper ;  immediately  under 
which  is,  in  the  wooden  apparatus  dt  placed  a  lamp,  which  is  kept  con- 
stantly burning,  for  the  purpose  of  heating  the  copper,  and  thus  keeping 
the  glass  dry.  The  glass  cone  is  protected  from  rain  by  a  copper  umbrella, 
from  which  proceeds  the  wire  f,  communicating  with  the  electrical  instru- 
ments  in  the  anteroom. 

3.  7^  Electrometers. — The  obserrations  at  Kew  and  Greenwich  were 
taken  with  a  Henley*s  electrometer,  by  which  the  force  is  measured  by 
a  straw,  terminating  in  a  pith  ball,  which  together  cohstitute  a  pendulum 
that  is  inserted  in  a  ball  working  by  two  fine  steel  pivots ;  and  by  Volta's 
electrometers,  two  in  number.  No.  i  is  so  constructed  that  a  given  electric 
force  causes  a  pair  of  straws  of  known  weight  to  diverge.  Their  divergence 
is  measured  on  a  circular  arc  of  the  same  radius  as  the  length  of  the  straws, 
which  is  so  graduated  as  to  indicate  half  the  distance  iu  arc  between  the 
extremities  of  the  straws  in  half  Parisian  lines,  each  of  the  division?,  which 
are  at  equal  distances  from  each  other,  being  equal  to  half. a  lin^.  It  is  clear 
from  this  construction  that  upon  measuring  the  distance  between  the  straws 
in  a  right  line,  *  the  line  of  half  the  angle  subtended  by  the  extremitUs  of  the 
straws  is  proportional  to  the  electric  tension  of  the  charge.* 

No.  2  electrometer  was  so  constructed  that  each  division  was  exactly 
equal  to^five  of  No.  i ;  and  the  circular  arc  is  graduated  to  read  at  once  in 
terms  of  No.  i.  The  difference  in  the  electrometers  consists  in  the  straws  of 
No.  2  being  heavier  than  those  of  No.  i,  in  such  proportion  as  to  increase 
the  value  of  the  readings  in  the  ratio  above  mentioned.  As  in  No.  i  the 
sine  of  half  the  angle  of  divergence  is  proportional  to  the  tension,  so  in  No. 
2  precisely  the  same  value  of  the  tension  obtains— viz.,  the  sine  of  half  the 
angle  of  divergence,  the  linear  value  of  the  sine  itself  being  proportional  to 
its  value  in  No.  i  for  the  same  force:  thus  a  force  that  would  diverge  the 
straws  in  No.  i  to  an  angle  of  30°  would  only  open  those  in  No.  2  to  an  angle 
of  6°,  and  in  each  instrument  the  sine  of  15°  and  3*^  respectively  would 
represent  the  force.  One  degree  of  Henley's 
electrometer  is  nearly  equal  to  ioo<^  of  Volta 
No.  I ;  and  by  converting  the  readings  of  the 
latter  into  measures  of  arc,  Volta  No.  i, 
Volta  No.  2,  and  Henley's  may  all  be  ex- 
pressed 'in  degrees  of  the  circle,  the  sines  of 
which  are  readily  ascertainable. 

The  Volta  electrometers  are  placed  on  the 
table  of  the  pedestal,  with  their  caps  in  con- 
tact with  the  conductor,  and  the  Henley's 
electrometer  is  screwed  into  a  ball  fixed  at 
the  extremity  of  one  of  the  horizontal  arms. 

4.  The  GoldLeaf  Electroscope,— The  wire  A 
(Fig.  60),  terminating  in  a  pair  of  forceps, 
which  carry  the  paper  to  which  the  gold  leaves 
are  suspended,  passes  through  the  glass  stopper 
B.  which  is  ground  into  a  long-necked  bottle  c, 
with  a  metallic  base  d  ',  and  a  strip  of  brass, 
E  E,  is  bent  and  screwed  to  the  inside  of  d. 
The  neck  c  is  well  covered  with  sealing-wax 
both  inside  and  out  To  preserve  the  insulating 
power  of  the  instrument,  it  is  surrounded-  at 
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its  base  with  an  annular  tin  trough,  coated  with  sealing-wax,  and  contain- 
ing chloride  of  calciara,  the  whole  being  covered  airtight  with  a  receiver. 

5.  The  Distinguishar  (Fig.  61). — This  is  a  very  thin  Leyden  phial,  c.  A  is  a 
wire,  connected  with  a  brass  tube  which  forms  the  interior  coating  of  this  jar ; 
and  B  is  an  exterior  coating  of  the  same  kind ;  and  these  two  coatings  are  at 
aboat  three> fourths  of  an  inch  distant  from  each  extremity  of  the  phial. 
The  intervals  dg,  bc  are  coated  with  sealing-wax  inside  and  out.  a  thus 
prepared  is  fitted  to  a  bottle  with  a  metallic  base,  and  is  provided  with  a 
pair  of  gold  leaves  rather  too  short  to  reach  the  sides  of  the  bottle,  the  neck 
of  which,  both  inside  and  out,  is  covered  with  sealing-wax.  The  distin- 
guisher  is  charged  every  morning  negatively,  and  never  fails  to  retain  a  good 
charge  for  twenty-four  hours.     It  is  conveniently  placed  on  a  bracket  a  few 


Pig.  61. 
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feet  distant  from  the  conductor,  to  which  when  used  it  is  approached  by  the 
hand  to  some  distance  proportionate  to  the  height  of  the  charge.  If  the 
charge  be  positive,  the  leaves  of  course  collapse  more  or  less,  but  open  again 
when  the  instrument  is  withdrawn ;  if  the  charge  be  negative,  the  divergence 
of  the  leaves  increases,  and  the  operation  can  be  performed  without  the  least 
danger  of  lowering  the  tension  of  the  conductor,  or  injuring  the  gold  leaves, 
let  the  height  of  the  charge  be  what  it  may. 

6.  Bohnenberger*s  Eieetroscope. — This  instrument  is  shown  in  Fig.  62 :  A  b 
is  a  dry  electric  column  (the  construction  of  which  will  be  described  hereafter), 
consisting  of  about  500  pairs,  each  about  one-fourth  of  an  inch  in  diameter, 
and  occupying,  when  the  plates  are  pressed  together,  from  two  to  two  inches 
.and  a  half  in  length.  To  the  ends  of  this  pile  are  adapted  two  bent  wires, 
terminating  in  two  gilded  plates  pn,  which  constitute  the  poles  of  the 
battery.  These  plates,  which  are  two  inches  long  and  half  an  inch  wide, 
are  parallel  and  opposite  to  each  other,  the  gold  leaf  d  being  suspended 
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between  them.  Now  if  the  leaf  hangs  exactly  midway  between  the  terminal 
plates  of  the  column,  it  will  be  equally  attracted  by  each,  and  will  therefore 
remain  in  a  state  of  repose ;  but  the  most  minute  quantity  of  electricity 
communicated  to  the  cap  of  the  instrument  will  disturb  this  neutral  condi- 
tion of  the  leaf,  and  it  will  immediately  move  towards  the  plate  which  has 
the  opposite  polarity. 

7.  Peltier  s  Electrometer, — In  this  instrument  (shown  in  Fig.  63) 
the  directive  force  exerted  by  the  earth  upon  a  small  magnet  is 

Fig.  63. 


substituted  for  the  torsion  of  tbe  wire  in  Coulomb's  torsion  elec- 
trometer (Fig.  6,  p.  6).  A  small  magnetised  needle  is  supported  upon 
a  long  brass  wire,  which  moves  freely  on  a  pin  like  a  compass  needle ; 
a  stout  metallic  rod,  terminated  above  by  a  ball,  paases  through  a 
glass  shade,  and  is  cemented  into  a  disc  of  ebonite,  which  forms 
the  base  of  the  instrument.  This  rod  is  expanded  into  a  ring  wide 
enough  to  allow  fi^e  motion  within  it  of  the  small  magnetic  needle. 
The  ring  carries  two  brass  arms.  To  use  the  instrument,  it  is 
placed  so  that  when  in  the  magnetic  meridian  the  brass  vdre  on 
which  the  magnetic  needle  is  supported,  just  touches  the  two  fixed 
arms  of  the  brass  ring.  On  communicating  a  charge  of  electricity 
to  the  ball,  it  spreads  over  the  insulated  wire  and  moveable  needle, 
which  is  immediately  deflected  by  the  fixed  arms  of  the  brass  ring, 
and  the  amount  of  angular  deviation  gives  the  means  of  estimating 
the  force.  In  Messrs.  Elliot's  mode  of  constructing  the  electro- 
meter, the  needle  and  repelling  plates  are  insulated  by  a  composi- 
tion of  gum-damar  and  Venetian  turpentine.  They  retain  a 
nearly  constant  charge  for  some  time,  unaided  by  an  artificially- 


Digitized  by 


Google 


THOMSON  S   DIVIDED   RING   ELECTROMETER.  75 

dried  atmosphere ;  at  the  end  of  twenty-four  hours  the  deflection 
due  to  the  charge  will  frequently  be  found  not  to  have  fallen  more 
thant)ne-half. 

(42)    Professor    ^BITllllam    Tltomson's    Sleotrometers. — 

(I.)  The  Divided  Ring  Electrometer, — The  following  is  the  principle 
of  the  construction  of  this  instrument : — 

A  glass  tube^  about  a  foot  long^  is  arranged  as  an  inverted 
Leyden  jar.  In  the  inside,  and  in  metallic  connection  with  the 
inner  coating^  is  suspended,  by  a  fine  platinum  wire,  an  aluminium 
needle  and  a  mirror.  The  former  swings  in  a  divided  box,  con- 
sisting of  a  hollow  cylinder  of  brass,  divided  parallel  to  its  axis. 
Both  parts  are  insulated  from  each  other,  and  from  the  other  part 
of  the  instrument.  The  mirror  connected  with  the  needle  is  placed 
in  such  a  manner  that  a  ray  of  light  thrown  on  it  is  reflected  upon 
a  cylinder. 

A  considerable  quantity  of  pumice-stone,  moistened  with  sul- 
phuric acid,  keeps  the  inside  of  the  instrument  perfectly  dry ;  and 
when  the  Leyden  jar  is  charged,  the  needle  is  thrown  into  a 
highly  electrified  state,  and  consequently  is  much  more  sensitive 
to  electric  influence.  Now,  if  one  part  of  the  divided  box  is  con- 
nected with  the  earth,  and  the  other  with  a  large  insulated  vessel  of. 
water,  constantly  discharging  a  fine  jet  into  the  air  (43),  the  electri- 
city of  the  atmosphere  is  communicated  to  it,  and  attracts  or 
repels  the  suspended  needle  as  the  case  may  be.  Outside  the 
instrument,  on  the  same  level  as  the  mirror  attached  to  the  needle, 
a  second  fixed  mirror  is  placed,  which  reflects  the  light  of  a  lamp 
upon  the  cylinder  above  mentioned,  which  is  covered  with  photo- 
graphic paper,  and  moved  by  clockwork,  and  can  be  made  to 
revolve  once  in  twelve,  eighteen,  or  twenty-four  hours,  by  inserting 
different  wheels. 

A  cylindrical  lens  converts  the  reflected  image  of  the  lamp  into 
two  spots  of  light,  which  are  superposed  when  the  needle  is  at 
rest.  The  reflection  of  the  fixed  mirror  photographs  on  the  cylinder, 
when  set  in  motion,  a  straight  line — the  zero  line.  The  mirror 
connected  with  the  needle  records  on  the  cylinder  the  variations 
of  electric  tension  in  the  atmosphere  in  a  manner  similar  to  the 
self-recording  magnetometer.  Two  guages,  in  the  shape  of  fans, 
enable  the  observer  to  determine  the  loss  of  charge  in  the  Leyden 
jar  within  twenty-four  hours.* 


-  *  For  the  above  description  of  this  beautiful  instrument  we  are  indebted 
to  Mr.  Becker,  of  the  firm  of  Messrs.  Elliot  and  Co.,  the  makers  of  the  in- 
strument, from  whom  further  particulars  respecting  it  may  be  obtained. 
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(11.)  The  Common  House  Electrometer, — This  instrument  con- 
sists of — 

1.  A  thin  flint  glass  bell,  coated  outside  and  inside  like  a  Leyden  phial, 
with  the  exception  of  the  bottom  inside,  which  contains  a  little  salphnric 
acid. 

2.  A  cylindrical  metallic  case,  enclosing  the  glass  jar,  cemented  to  it  ronnd 
its  month  outside,  extending  upwards  about  an  inch  and  a  half  above  the 
mouth,  and  downwards  to  a  metal  base  supporting  the  whole  instrument, 
and  protecting  the  glass  against  the  danger  of  breakage. 

3.  A  cover  of  plate-glass  with  a  metal  rim,  closing  the  top  of  the  cylin- 
drical case  of  the  instrument. 

4.  A  torsion  head,  after  the  manner  of  Coulomb's  balance  (Fig.  6,  p.  6), 
supported  in  the  centre  of  the  glass  cover,  and  bearing  a  glass  fibre,  which 
hangs  down  through  an  aperture  in  its  centre. 

5.  A  light  aluminium  needle  attached  across  the  lower  end  of  the  fibre 
(which  is  somewhat  above  the  centre  of  the  glass  bell),  and  a  stiff  platinum 
wire  attached  to  it  at  right  angles,  and  hanging  down  to  near  the  bottom  of 
the  jar. 

6.  A  very  light  platinum  wire,  long  enough  to  hang  within  one-eighth  of 
an  inch  or  so  of  the  bottom  of  the  jar,  and  to  dip  in  the  sulphuric  acid. 

7.  A  metal  ring  attached  to  the  inner  coating  of  the  jar,  bearing  two 
plates  in  proper  positions  for  repelling  the  two  ends  of  the  aluminium  needle 
when  similarly  electrified,  and  proper  stops  to  limit  the  angular  motion  of 
the  needle  to  within  about  45°  from  these  plates. 

8.  A  cage  of  fine  brass  wire,  stretched  on  brass  framework,  supported  from 
the  main  case  above  by  two  glass  pillars,  and  partially  enclosing  the  two 
ends  of  the  needle  and  the  repelling  plates,  from  all  of  which  it  is  separated 
by  clear  spaces  of  nowhere  less  than  one-fourth  of  an  inch  of  air. 

9.  A  charging  electrode  attached  to  the  ring  (7),  and  projecting  over  the 
month  of  the  jar  to  the  outside  of  the  metal  case  (2)  through  a  wide  aperture, 
which  is  commonly  kept  closed  by  a  metal  cap,  leaving  at  least  one-quarter 
of  an  inch  of  air  round  the  projecting  end  of  the  electrode. 

10.  An  electrode  attached  to  the  cage  (8),  and  projecting  over  the  mouth 
of  the  jar  to  the  outside  of  the  metal  case  (2)  through  the  centre  of  an  aper- 
ture about  a  quarter  of  an  inch  in  diameter. 

This  instrument  is  adapted  to  measure  differences  of  'potential ' 
between  two  conducting  systems — namely,  as  one,  the  aluminium 
needle  (5),  the  repelling  plates  (7),  and  the  inner  coating  of  the 
jar ;  and  as  the  other,  the  insulated  glass  cage  (8).  This  latter  is 
commonly  connected  by  means  of  its  projecting  electrode  (10) 
with  the  conductor  to  be  tested.  The  two  conducting  systems,  if 
through  their  projecting  electrodes  connected  by  a  metallic  wire 
may  be  electrified  to  any  degree  without  causing  the  slightest 
sensible  motion  in  the  needle.  If,  on  the  other  hand,  the  two  elec- 
trodes of  these  two  systems  are  connected  with  two  conductors, 
electrified  to  different  potentials,  the  needle  moves  away  from  the 
repelling  plates  j  and  if  by  turning  the  torsion  head  it  is  brought 
back  to  one  accurately-marked  position,  the  number  of  degrees  of 
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torsion  required  is  proportional  to  the  sqtuire  of  the  difference  of 
potentials  thus  tested. 

In  the  ordinary  use  of  the  instrument,  the  inner  coating  of  the 
Ley  den  jar  is  choxgednegativeli/  by  an  external  application  of  elec- 
tricity through  its  projecting  electrode  (9).  The  degree  of  the 
charge  thus  communicated  is  determined  by  putting  the  cage  in 
connection  with  the  earth  through  its  electrode  (10),  and  bringing 
the  needle  by  torsion  to  its  marked  position.  The  square  root  of 
the  number  of  degrees  of  torsion  required  to  effect  this  measures 
the  '  potential  *  of  the  Leyden  charge.  This  result  is  called  the 
reduced  earth-reading.  When  the  atmosphere  inside  the  jar  is 
kept  sufficiently  dry,  this  charge  is  retained  from  day  to  day  with 
little  loss — not  more  often  than  one  per  cent,  in  twenty-four  hours. 

In  using  this  instniment,  the  charging  electrode  (9)  of  the  jar  is 
left  untouched,  with  the  aperture  through  which  it  projects  closed 
over  it  by  the  metal  cap  referred  to  above.  The  electrode  (10)  of 
the  cage,  when  an  observation  is  to  be  made,  is  connected  with 
the  conductor  to  be  tested,  and  the  needle  is  brought  by  torsion  to 
its  marked  position.  The  square  root  of  the  number  of  degrees  of 
torsion  now  required  measures  the  difference  of  potentials  between 
the  conductor  tested  and  the  interior  coating  of  the  Leyden  jar. 
The  excess,  positive  or  negative,  of  this  result  above  the  reduced 
earth-reading  measures  the  excess  of  the  '  potential,*  positive  or 
negative,  of  the  conductor  tested  above  that  of  the  earth  ;  or  simply 
the  potential  of  the  conductor  tested,  if  we  regard  that  of  the  earth 
as  zero. 

In  addition  to  these  instruments,  Professor  Thomson  has  in- 
vented a  portable  electrometer,  constructed  on  the  same  principles 
as  the  house  electrometer  above  described.  Amongst  its  objects  are 
— I.  To  test  the  condition  of  the  air  at  various  places  at  the  same 
time,  or  nearly  the  same  time  ;  2.  To  test  the  condition  of  the  air 
at  a  given  place  at  various  times ;  3.  To  test  the  insulating  powers  of 
materials  by  observing  gradual  loss  of  charge  from  a  body  insulated 
by  these  materials ;  4.  To  test  the  electromotive  force  of  batteries 
and  other  rheomotors  j  5.  To  test  the  nature  of  electricity  ob- 
tained in  any  given  way.* 

(43)  Tliomsoii's  Simple  Apparatus  for  Observinsr  Atmo- 
■pberio  Electricity. — It  consists  of  an  insulated  can  of  water  to 
set  on  a  table  or  window-sill  inside,  and'  discharge  by  a  small  pipe 
through  a  fine  nozzle  two  or  three  feet  from  the  wall.    With  oidy 

*■  Of  this  instrament  no  description  has  as  yet  been  published,  but  full 
information  respecting  it  may  be  obtained  from  Messrs.  Elliot,  opticians. 
Strand. 
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about  ten  inches  head  of  water^  and  a  discharge  so  slow  as  to  give  no 
trouble  in  replenishing  the  can  with  water,  the  atmospheric  effect 
is  collected  so  quickly  that  any  difference  of  potentials  *  between 
the  insulated  conductor  and  the  air,  at  the  place  where  the  stream 
from  the  nozzle  breaks  into  drops,  is  done  away  with  at  the  rate  of 
five  per  cent,  per  half-second,  and  even  faster.  Hence  a  very 
moderate  degree  of  insulation  is  sensibly  as  good  as  perfect,  aa  far 
as  observing  the  atmospheric  effect  is  concerned. 

By  drying  the  atmosphere  round  the  insulating  stems  by  means 
of  pumice-stone*,  moistened  with  sulphuric  acid,  a  high  degree  of 
insulation  may  be  insured  in  all  weathers,  but  it  is  necessary  to 
keep  the  outer  part  of  the  apparatus  clear  of  spider-lines. 

An  apparatus  constructed  on  this  principle  was  employed  by  TfioniRon  in 
some  examinations  of  atmospheric  electricity  at  Invercloy.  It  stood  on  a 
table  beside  a  window  on  the  second-floor,  which  was  kept  open  about  an 
inch  to  let  the  discharging  tube  project  out  without  coming  into  contact 
with  the  frame.  The  nozzle  was  only  about  2I  feet  from  the  wall,  and 
nearly  on  a  level  with  the  window-sill.  The  dimded-ring  electrometer 
(42  I.)  stood  on  the  table  beside  it;  it  acted  remarkably  well,  being 
supplied  with  a  Le}*den  phial,  consisting  of  a  common  thin  white  glass  shade 
instead  of  a  German  glass  jar,  which  Thomson  found  not  to  hold  its  charge 
well. 

The  index  required  13!^  to  14°  of  torsion  to  bring  it  to  zero,  when  urged 
aside  by  the  electro-motive  force  of  10  cells  of  zinc  and  copper  charged  with 
water  only.  The  atmospheric  effect  ranged  from  30°  to  about  ^zcP  during 
the  four  davs  of  the  experiment ;  that  is  to  say,  the  electro-motive  force  per 
foot  of  air,  measured  horizontally  from  the  side  of  the  house,  was  from  9  to 
126  zinc  copper  water-cells.  The  "weather  was  almost  perfectly  settled, 
either  calm  or  with  slight  east  wind.  The  electrometer,  twice  within  half 
an  hour,  went  above  420°,  there  being  at  the  time  a  fresh  temporary  breeze 
from  the  east 

What  Thomson  had  previously  observed  regarding  the  effect  on  an  east 
wind  was  amply  confirmed.  Invariably  the  electrometer  showed  very  high 
positive  in  fine  weather  before  and  during  east  wind.  It  generally  rose  very 
much  shortly  before  a  slight  puff  of  wind  from  that  quarter,  and  continued 
high  till  the  wind  would  begin  to  abate.  The  electrometer  was  never  ob- 
served to  go  up  unuspally  high  during  fair  weather  without  east  wind 
following  immediately. 

Cloudy  masses  of  air  at  no  great  distance  from  the  earth,  certainly  not 
more  than  a  mile  or  two,  influence  the  electrometer  largely  by  the  electricity 
they  carry. 

*  The  term  electric  potential  is  defined  by  Prof.  Wm.  Thomson  as  fol- 
lows:— *The  potential^  at  any  point  in  the  neighbourhood  of  or  within  an 
electrified  body,  is  the  quantity  of  work  that  would  be  required  to  bring  a 
unit  of  positive  electricity  from  an  infinite  distance  to  that  point,  if  the  given 
distribution  of  electricity  remained  unaltered.*  (Paper  read  before  the  British 
Association,  1852.) 
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(44)  Xxplorlnc  "Wires.  —  The  late  Mr.  Crosse  and  tbe  late 
Mr.  Weekes  examined  the  electrical  condition  of  the  lower  regions 
of  the  atmosphere,  the  former  at  Broomfield  in  Somersetshire,  and 
the  latter  at  the  town  of  Sandwich,  hy  means  of  exploring  wires 
insulated  on  appropriate  supports.  At  Broomfield,  the  wires  ex- 
tending to  many  hundred  yards  were  attached  to  poles  fixed  on 
trees;  at  Sandwich  the  wire  was  extended  between  the  vane- 
spindles  of  two  churches,  through  a  length  of  365  yards. 

Mr.  Crosse  gives  the  following  account  of  the  phenomena  ob- 
served on  the  approach  of  a  thundercloud  to  his  exploring 
wire : — 

*  When  the  cloud  draws  near,  the  pith-balls  suspended  from  the  conductor 
open  wide,  with  either  positive  or  negative  electricity ;  and  when  the  edge 
of  the  cloud  is  perpendicular  to  the  exploring  wire,  a  slow  succession  of 
discharges  takes  place  between  the  brass  ball  of  the  conductor  and  one  of 
equal  size  carefully  connected  with  the  nearest  spot  of  moist  ground.  J 
usually  connect  a  large  jar  with  the  conductor,  which  increases  the  force 
and  in  some  degree  regulates  the  number  of  explosions ;  and  the  two  balls, 
between  which  the  discbarges  pass,  can  be  easily  regulated  as  to  their  dis- 
tance from  each  other  by  a  screw.  After  a  certain  number  of  explosions, 
say  of  neffotive  electricity,  which  at  first  may  be  nine  or  ten  a  minute,  a 
cessation  occurs  of  some  seconds  or  minutes,  as  the  case  may  be,  when  about 
an  equal  number  of  explosious  of  positive  electricity  takes  place,  of  similar 
force  to  the  former,  indicating  thtpassttge  of  two  opposit^y  andequaUy  electrified 
zones  of  cloud.  Then  follows  a  second  zone  of  negative  electricity,  occasioning 
several  more  discharges  in  a  minute  than  from  either  of  the  first  pair  of 
zones,  which  rate  of  increase  jippears  to  vary  according  to  the  size  and 
power  of  the  cloud.  Then  occurs  another  cessation,  followed  by  an  *  equally 
powerful  series  of  discharges  of  positive  electricity,  indicating  the  passage  of 
a  second  pair  of  zones ;  these  in  like  manner  are  followed  by  others,  fearfully 
increasing  in  the  rapidity  of  the  discharges,  when  a  regular  stream  commences, 
interrupted  only  by  the  change  into  the  opposite  electricities.  The  intensity 
of  each  new  pair  of  zones  is  greater  than  that  of  the  former,  as  may  be 
proved  by  removing  the  two  balls  to  a  greater  distance  from  each  other. 
When  the  centre  of  the  cloud  is  vertical  to  the  wire,  the  greatest  effect  takes 
place,  during  which  ike  windows  rattle  in  their  frcmes,  and  the  bursts  of  thunder 
without  and  the  noise  within,  every  now  and  then  accompanied  with  a  crash 
of  accumulated  fluid  in  the  wire,  striving  to  get  free  between  the  balls, 
produce  the  most  awful  efi«ct,  which  is  not  a  little  increased  by  the  pauses 
occasioned  by  the  interchange  of  zones. 

*  As  the  cloud  passes  onward,  the  opposite  portions  of  the  zones  which  first 
affected  the  wire  come  into  play ;  and  the  effect  is  weakened  with  each 
successive  pair,  till  all  dies  away,  and  not  enough  electricity  remains  in  the 
atmosphere  to  affect  a  gold-leaf  electroscope.* 

(45)  Bleotrical  Vosr. — Of  the  electrical  phenomena  attending 
a  dense  November  fog  Mr.  Crosse  furnished  the  author  with  the 
following  graphic  description : — 
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*  Many  years  ago  I  was  sitting  in  my  electrical  room  on  a  dark  November 
day,  daring  a  very  dense  driving  fog  and  rain,  which  had  prevailed  for 
many  hoars,  sweeping  over  the  earth,  and  impelled  by  a  south- west  wind. 
The  mercury  in  the  barometer  was  low,  and  the  thermometer  indicated  a  low- 
temperature.  I  had  at  this  time  i,6c»  feet  of  wire  insulated,  which,  crossing 
two  small  valleys,  brought  the  electric  fluid  info  my  room.  There  were 
four  insulators,  and  each  of  them  was  streaming  with  wet  from  the  effects  of 
the  driving  fog.  From  about  8  a.m.  until  4  p.m.  not  the  least  appearance 
of  electricity  was  visible  at  the  atmospheric  conductor,  even  by  the  most 
careful  application  of  the  condenser  and  multiplier ;  indeed,  so  effectually  did 
the  exploring  wire  conduct  away  the  electricity  which  was  communicated  to 
it,  that  when  it  was  connected,  by  means  of  a  copper  wire,  with  the  prime 
conductor  of  an  18 -inch  cylindric  electrical  machine  in  high  action,  .and  a 
gold-leaf  electroscope  placed  in  contact  with  the  connecting  wire,  not  the 
slightest  effect  was  produced  upon  the  gold  leaves.  Having  given  up  the 
trial  of  further  experiments,  I  took  a  book  and  occupied  myself  with  reading, 
leaving  by  chance  the  receiving-ball  upwards  of  an  inch  distant  from  the 
ball  of  the  atmospheric  conductor.  About  4  p.m.  I  suddenly  heard  a  very 
strong  explosion  between  the  two  balls,  and  shortly  after  many  more  took 
place,  until  they  became  one  uninterrupted  stream  of  explosions,  which 
gradually  died  away,  and  then  recommenced  with  the  opposite  electricity 
in  equal  violence.  The  stream  of  fire  was  too  vivid  to  look  at  for  any  length 
of  time,  and  the  effect  was  most  splendid,  continuing  without  intermission, 
save  that  occasioned  by  the  interchange  of  electricities,  for  upwards  of  Jive 
hours,  and  then  totally  ceased.* 

(46)  Mode  of  Bxaminlng  tlie  aiectrlcal  Condltton  of 
tbe  Bigber  Regions  of  tbe  Atmospbere. — For  this  purpose 
the  Franklinian  kite  may  be  employed,  but  great  care  is  requisite 
in  conducting  the  experiments,  as  severe  shocks  may  l)e  received 
from  the  string,  even  under  a  clear  and  cloudless  sky.  The  late 
Mr.  Sturgeon  had,  however,  the  boldness  to  send  up  a  kite  during 
a  thunderstorm,  and  he  has  given  the  following  description  of  the 
phenomena  he  observed : — 

*  The  wind  had  abated  to  such  a  degree,  and  the  rain  fell  so  heavily,  that 
it  was  with  some  difficulty  that  I  got  the  kite  afloat,  and  when  up  its 
greatest  altitude  did  not  exceed  fifty  yards.  The  silken  cord  also,  which 
had  been  intended  for  the  insulator,  soon  became  so  completely  wet  that  it 
was  no  insulator  at  all ;  notwithstanding  all  these  impediments  being  in  the 
way,  I  was  much  gratified  with  the  display  of  the  electric  matter  issuing 
from  the  end  of  the  string  to  a  wire,  one  end  of  which  was  laid  on  the 
ground  and  the  other  attached  to  the  silk,  at  about  four  inches*  distance 
from  the  reel  of  the  kite-string ;  an  uninterrupted  play  of  the  fluid  was  seen 
over  the  four  inches  of  wet  silken  cord,  not  in  sparks,  but  in  a  bundle  of 
quivering  purple  ramifications,  producing  a  noise  similar  to  that  of  a  watch- 
man's rattle.  Very  large  sparks,  however,  were  frequently  seen  between  the 
lower  end  of  the  wire,  which  rested  on  the  grass  and  the  ground ;  and  several 
parts  of  the  string  towards  the  kite,  where  the  wire  was  broken,  were  occa- 
sionally beautifully  illuminated.    The  noise  from  the  string  in  the  air  was 
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like  to  the  hissing  of  an  immense  flock  of  geese,  with  an  occasional  rattUng 
or  scraping  noise. 

*The  reel  was  occasionally  enveloped  in  a  blaze  of  purple  arborised 
electrical  fire,  whose  numberless  branches  ramified  over  the  silken  cord  and 
through  the  air  to  the  blades  of  glass,  which  also  became  luminous  on  their 
points  and  edges  over  a  surface  of  some  yards  in  circumference.  We  also 
saw  a  complete  globe  of  fire  pass  over  the  silken  cord  between  the  wire  and 
the  reel  of  the  kite-string ;  it  was  exceedingly  brilliant,  and  the  only  one 
that  we  noticed.' 

It  is  sometimes  necessary  to  penetrate  regions  of  the  atmosphere 
"beyond  the  height  attainable  by  a  single  kite,  before  signs  of  elec- 
tricity can  be  obtained ;  this  may  be  done  by  letting  two,  three, 
or  more  kites  fly  from  the  same  string.  The  first  kite  is  sent  up 
as  usual,  and  when  it  has  reached  its  maximmn  elevation,  the  end 
of  its  string  is  put  through  a  slit  in  the  middle  stick  of  the  second, 
and  tied  to  its  string ;  the  second  kite  is  then  raised }  in  like  man- 
ner  a  third  may  be  added,  and  thus  great  heights  may  be  reached. 
The  highest  late  is  almost  invariably  positive  to  the  other  two ; 
the  centre  kite  positive  to  the  one  below  it,  and  the  lowest  positive 
to  the  ground. 

(47)  Tbander  and  ablgbtning.  —  The  analogy  between  the 
electric  spark  and  lightning  was  noticed  at  an  early  period  of 
electrical  science.  In  1708  Dr.  Wall  pointed  out  a  resemblance 
"between  them.  In  1735  Grey  conjectured  their  identity,  and 
that  they  differed  only  in  degree,  and  in  1748  the  Abb^  Nollet 
reproduced  the  conjecture  of  Grey,  attended  with  more  substantial 
reasons  ]  but  it  was  reserved  for  the  great  American  philosopher 
IFranklin,  in  June  1752,  to  demonstrate  the  identity  by  the  bold 
experiment  of  bringing  down  lightning  from  the  heavens  by  means 
of  a  kite,  and  by  performing  with  it  experiments  similar  to  those 
usually  made  with  ordinary  electricity. 

The  following  is  the  account  transmitted  to  us  of  this  grand 
experiment : — 

'  He  prepared  his  kite  by  making  a  small  cross  of  two  light  strips  of 
cedar,  the  arms  of  sufficient  length  to  extend  to  the  four  corners  of  a  large 
silk  handkerchief  stretched  upon  them ;  to  the  extremities  of  the  arms  of 
the  cross  he  tied  the  corners  of  the  handkerchief.  This  being  properly 
supplied  with  a  tail,  loop,  and  string,  could  be  raised  in  the  air  like  a  com- 
mon paper  kite;  and  being  made  of  silk,  was  more  capable  of  bearing  rain 
and  wind.  To  the  upright  arm  of  the  cross  was  attached  an  iron  point,  the 
lower  end  of  which  was  in  contact  with  the  string  by  which  the  kite  was 
raised,  which  was  a  hempen  cord.  At  the  lower  extremity  of  this  cord,  near 
the  observer,  a  key  was  fastened ;  and  in  order  to  intercept  the  electricity  in 
its  descent,  and  prevent  it  from  reaching  the  person  who  held  the  kite,  a 
silk  ribbon  was  tied  to  the  ring  of  the  key,  and  continued  to  the  hand  by 
which  the  kite  was  held. 
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'Farnislied  with  this  apparatus,  on  the  approach  of  a  storm  ho  went  on 
upon  the  common  near  PhiUdelphia,  accompanied  by  his  son,  to  whom  alone 
he  communicated  his  intentions,  well  knowing  the  ridicule  which  would  have 
attended  the  report  of  such  an  attempt  should  it  prove  to  be  unsuccessful. 
Having  raised  the  kite,  he  placed  himself  under  a  shed,  that  the  ribbon 
by  which  it  was  held  might  be  kept  dry,  as  it  would  become  a  conductor  of 
electricity  when  wetted  by  rain,  and  so  fail  to  afford  that  protection  for 
which  it  was  provided.  A  cloud,  apparently  charged  with  thunder,  soon 
passed  directly  over  the  kite.  Franklin  observed  the  hempen  cord ;  but  no 
bristling  of  its  fibres  was  apparent,  such  as  was  wont  to  take  place  when  it 
was  electrified.  He  presented  his  knuckle  to  the  key,  but  not  the  smallest 
spark  was  perceptible.  Al\cr  the  lapse  of  some  time,  however,  he  saw  that 
the  fibres  of  the  cord  near  the  key  bristled  and  stood  on  end.  He  presented 
his  knuckle  to  the  key,  and  received  a  strong  bright  spark.  It  was  lightning. 
A  shower  now  fell  which,  wetting  the  cord  of  the  kite,  improved  its  con- 
ducting power;  sparks  in  rapid  succession  were  drawn  from  the  key;  a 
Leyden  jar  was  charged  by  it,  and  a  shock  was  given:  in  fine,  all  the  ex- 
perimente  which  were  wont  to  be  made  by  electricity  were  reproduced 
identical  in  all  their  concomitant  circumstances.' 

Jt  appears  that  the  first  spark  from  an  atmospheric  exploring 
apparatus  was  obtained  by  M.  Dalibard,  at  Marly-la- Ville,  one 
month  before  Franklin's  kite  experiment  in  America,  but  as  his 
arrangements  were  made  at  the  suggestion  and  on  the  principles  of 
Franklin,  it  is  unquestionably  to  the  latter  the  honour  of  having 
established  the  identity  between  electricity  and  lightning  must  be 
awarded. 

Franklin's  experiment  was  eagerly  repeated  in  almost  every  civil- 
ised country,  and  with  variable  success.  In  France  a  grand  result 
was  obtained  by  Romas,  who  constructed  a  kite  seven  feet  high, 
which  he  raised  to  the  height  of  5  50  feet  by  a  string  having  a  fine  wire 
interwoven  throughout  its  whole  length.  It  is  stated  that  on  the 
26th  of  August,  1756,  flashes  of  fire  ten  feet  long  were  given 
off  from  this  conductor.  In  1753,  Professor  Richmann,  of  St. 
Petersburg,  was  struck  dead  by  a  flash  of  lightning  from  an  ex- 
ploring apparatus  he  had  erected  for  the  purpose  of  repeating 
Franklin's  experiments. 

Lightning  and  thunder  then  are  atmospheric  electrical  phenomena, 
and  a  thunderstorm  is  the  result  of  an  electrical  disturbance  arising 
from  the  accumulation  of  active  electricity  in  masses  of  vapour  con- 
densed in  the  atmosphere.  Agreeably  with  the  laws  of  induction, 
a  mass  of  electrified  vapour  determines  an  opposite  electrical  state 
over  that  portion  of  the  earth's  surface  directly  opposed  to  it:  the 
particles  of  intervening  air  assume  a  peculiar  forced  electrical  state 
'  which  has  been  termed  *  polarized,*  and  when  the  tension  has  been 
raised  to  a  certain  point,  and  the  particles  can  no  longer  resist  the 
tendency  of  the  opposite  electrical  forces  to  combine,  they  are  die- 
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placed  and  broken  through  -with  a  greater  or  less  degree  of  mecha- 
nical violence.  The  clouds  and  the  earth,  or  two  oppositely  elec- 
trified clouds,  correspond  to  the  coatings,  and  the  intervening  air 
to  the  glass  of  the  Lejden  phial,  and  the  thunderstorm  is  the 
charging  and  discharging  of  this  huge  system. 

The  snap  attending  the  spark  from  the  prime  conductor,  and  the 
awful  thunder-crash,  are  undoubtedly  similar  phenomena,  and  pro- 
duced by  the  same  action.  The  cause  is  the  vibration  of  the  air, 
agitated  by  the  passage  of  the  electric  discharges  with  a  greater  or 
less  degree  of  intensity ;  and  two  explanations  may  be  given  of  the 
manner  in  which  the  vibration  is  produced.  On  the  one  hand,  it 
may  be  imagined  that  the  electric  fluid  opens  for  itself  a  passage 
through  air  or  other  'matter,  in  the  manner  of  a  projectile,  and 
that  the  sound  is  caused  by  the  rush  of  the  air  into  the  vacuum  pro- 
duced by  the  instantaneous  passage  of  the  fluid ;  or,  on  the  other 
hand,  the  vibration  may  be  referred  to  a  decomposition  and  recom- 
position  of  electricity  in  all  the  media  in  which  it  appears.  On  this 
hypothesis  the  continued  roll  is  the  effect  of  the  comparatively  slow 
propagation  of  sound  through  air. 

The  latter  of  these  two  ways  of  accounting  for  the  vibration 
seems  to  accord  best  with  facts ;  for,  in  the  first  place,  it  has  been 
objected,  that  if  the  noise  were  occasioned  by  the  electric  fluid 
forcing  for  itself  a  passage  through  the  air,  a  similar  sound  ought 
to  be  produced  by  a  cannon  ball ;  and  a  still  stronger  objection  is, 
that  experiments  seem  to  indicate  that  the  electric  fluid  is  not 
transferred  from  point  to  point  like  a  projectile  of  ponderable 
matter,  but  by  the  vibration  of  an  elastic  medium. 

(48)  Pbenomena  of  a  Thunderstorm. — The  appearance  of 
the  heavens  previous  to  and  during  a  thunderstorm,  were  thus  de- 
scribed by  Beccaria  {Lettere  deW  Elettricismo,  Bologna,  1758) : — 

'  A  dense  cloud  is  first  formed,  increasing  rapidly  in  magnitude,  and  ascend- 
ing into  the  higher  regions  of  the  atmosphere.  The  lower  end  is  black  and 
nearly  horizontal,  but  the  upper  end  is  finely  arched  and  well  defined.  Many 
of  these  clouds  often  seemed  piled  one  upon  the  other,  all  arched  in  the  same 
manner ;  but  they  keep  constantly  uniting,  swelling,  and  extending  their 
arches.  When  such  clouds  rise,  the  firmament  is  usually  sprinkled  over 
with  a  great  number  of  separate  clouds  of  odd  and  bizarre  forms,  which  keep 
quite  motionless.  When  the  thunder-clouds  ascend,  these  are  drawn  to- 
wards it,  and  as  they  approach  they  become  more  uniform  and  regular  in 
their  shapes,  till  coming  close  to  the  thunder-cloud  their  limbs  stretch 
mutually  towards  each  other,  finally  coalesce,  and  form  one  uniform  mass. 
But  sometimes  the  thunder-cloud  will  swell  and  increase  without  the  addition 
of  these  smaller  clouds.  Some  of  the  latter  appear  like  white  fringes  at  the 
skirts  of  the  thunder-cloud,  or  udder  the  body  of  it ;  but  they  continually 
grow  darker  and  darker  as  they  approach  it. 

'  When  the  thunder-doud  thus  augmented  has  attained  a  great  magnitude, 
o2 
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its  lower  surfkce  is  often  ragged,  particQlar  parts  being  detached  towards 
tlie  earth,  but  still  connected  with  the  rest.  Sometimes  the  lower  surface 
swells  into  large  protuberances,  tending  uniformly  towards  the  earth ;  but 
sometimes  one  whole  side  of  the  cloud  will  have  an  inclination  to  the  earth, 
which  the  extremity  of  it  will  nearly  touch.  When  the  observer  is  under 
the  thunder-clond  after  it  is  gprown  larger  and  is  well  formed,  it  is  seen  to 
sink  lower  and  to  darken  prodigionsly ;  and  at  the  same  time  a  great  number 
of  small  clouds  are  observed  in  rapid  motion,  driven  about  in  irregular 
directions  below  it.  While  these  clouds  are  agitated  with  the  most  rapid 
motions,  the  rain  generally  falls  in  abundance ;  and  if  the  agitation  be  very 
great  it  hails. 

*  While  the  thunder-cloud  is  swelling  and  extending  itself  over  a  large 
tract  of  country,  the  lightning  is  seen  to  dart  from  one  part  of  it  to  another, 
and  often  to  illuminate  its  whole  mass.  When  the  cloud  has  acquired  a 
sufficient  extent,  the  lightning  strikes  between  the  cloud  and  the  earth  in 
two  opposite  places,  the  path  of  the  lightning  lying  through  the  whole  body 
of  the  cloud  and  its  branches.  The  longer  this  lightning  continues,  the 
rarer  does  the  cloud  grow,  and  the  less  dark  in  its  appearance,  till  it  breaks 
in  different  places  and  shows  a  dear  sky.  When  the  thunder-cloud  is  thus 
dispersed,  those  parts  which  occupy  the  upper  regions  of  the  atmosphere  are 
spread  thin  and  equally;  and  those  that  are  beneath  are  black  and  thin  also, 
but  they  vanish  gradually  without  being  driven  away  by  the  wind.* 

A  great  difference  -will  be  observed  in  the  appearance  of  the 
flashes  of  lightning  during  a  thunderstorm.  The  scene  is  some- 
times rendered  awfully  magnificent  by  their  brilliancy,  frequency, 
and  extent;  darting  sometimes  on  broad  and  well-defined  lines 
from  cloud  to  cloud,  and  sometimes  shooting  towards  the  earth ; 
they  then  become  zigzag  and  irregular,  or  appear  as  a  large  and 
rapidly  moving  baU  of  fire,  an  appearance  usually  designated  by 
the  ignorant  a  thunderbolt,  and  erroneously  supposed  to  be  attended 
by  the  fall  of  a  solid  body.  The  report  of  the  thunder  is  also  modified 
according  to  the  nature  of  the  country,  the  extent  of  the  air  through 
which  it  passes,  and  the  position  of  the  observer.  Sometimes  it 
sounds  like  the  sudden  emptying  of  a  large  cart-load  of  stones, 
sometimes  like  the  firing  of  a  volley  of  musketry — in  these  cases  it 
usually  follows  the  lightning  immediately,  and  is  near  at  band. 
When  more  distant,  it  rumbles  and  reverberates  at  first  with  a 
loud  report,  gradually  dying  away,  and  returning  at  intervals,  or 
roaring  like  the  discharge  of  heavy  artillery. 

In  accounting  for  these  phenomena,  it  must  be  remembered  that 
the  passage  of  electricity  is  almost  infinitely  rapid.  A  discharge 
through  a  circuit  of  many  miles  has  been  experimentally  proved  to 
be  instantaneous.  The  motion  of  light  is  similarly  rapid,  and 
hence  the  flash  appears  momentary,  however  great  the  distance 
through  which  it  passes ;  but  sound  is  vastly  slower  in  its  pro- 
gress, travelling  in  air,  according  to  the  most  recent  experiments 
of  the  members  of  the  Paris  board  of  longitude  1,115  ^©et  in  a 
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second  at  60  deg.  Fahr.  Now  supposing  the  lightning  to  pass 
thTOUgb  a  space  of  some  miles^  the  explosion  will  be  first  heard 
from  the  point  of  the  air  agitated  nearest  the  spectator,  it  will 
gradually  come  from  the  more  distant  parts  of  the  course  of  the 
electricity,  and  last  of  all  it  will  be  heard  from  the  remote  extre- 
mity ;  and  the  different  degrees  of  agitation  of  the  air,  and  likewise 
the  difference  of  the  distance,  will  account  for  the  different  inten- 
sities of  the  sound  and  the  reverberation. 

Thomson  has  had  several  opportunities  of  observing  electrical 
indications  with  his  portable  electrometer  (43)  during  day 
thunderstorms.  He  commenced  the  observation  on  each  occasion 
after  having  heard  thunder  and  perceived  frequent  impulses  on  the 
needle  which  caused  it  to  vibrate,  indicating  sudden  changes  of 
electric  *  potential^  at  the  place  where  he  stood.  He  could  connect 
the  larger  of  these  impulses  with  thunder  heard  some  time  later, 
with  about  the  same  degree  of  certainty  as  the  brighter  flashes  of 
lightning  during  a  thunderstorm  by  night  are  usually  recognised 
as  distinctly  connected  with  the  distant  peals  of  thunder.  By 
counting  time,  he  estimated  the  distance  of  the  discharge  as  not 
nearer  on  any  occasion  than  about  four  or  five  miles.  On  none  of 
these  occasions  did  he  see  any  lightning.  / 

The  absolute '  potential  *  at  the  position  of  the  burning  match  was 
sometimes  positive  and  sometimes  negative,  and  the  sudden  changes 
demonstrated  by  the  impulses  on  the  needle  were,  so  far  as  he  could 
judge,  as  often  augmentations  of  positive  or  diminutions  of  nega- 
tive as  diminutions  of  positive  or  augmentations  of  negative. 

(49)  Varieties  of  Xilsrlitnliisr- — ^Arago  divides  the  phenomena 
of  lightning  into  three  classes.  In  the  first,  he  places  those  lumin- 
ous discharges  characterised  by  a  long  streak  of  light,  very  thin, 
and  well-defined  at  the  edges ;  they  are  not  always  white,  but  are 
sometimes  of  a  violet  or  purple  hue ;  they  do  not  move  in  a  straight 
line,  but  have  a  deviating  track  of  a  zigzag  form.  They  frequently 
divide  in  striking  terrestrial  objects  into  two  or  more  distinct 
streams,  but  invariably  proceed  from  a  single  point. 

Under  the  second  class,  Arago  has  placed  those  luminous  effects 
not  having  any  apparent  depth,  but  expanding  over  a  vast  surface. 
They  are  frequently  coloured  blue,  red,  and  violet  j  they  have  not 
the  activity  of  the  former  class,  and  are  generally  confined  to  the 
edges  of  the  cloud  from  which  they  appear  to  proceed. 

In  the  third  class  are  included  those  more  concentrated  faasses 
of  light  which  Arago  terms  '  ghhular  *  lightning.  The  long  zig- 
zag and  expanded  flashes  exist  but  for  a  mo;nent,  but  these  seem 
to  endure  for  many  seconds ;  they  appear  to  occupy  time,  and  to 
have  a  prog^ssive  motion. 
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*  It  is  more  than  probable,*  observes  Sir  William  Snow  Harris  {Eaay  on, 
tk6  Nature  of  Thunderstorms),  *  that  many  of  these  phenomena  are  at  last 
reducible  to  the  common  progress  of  the  disruptive  discharge  modified  by 
the  quantity  of  passing,  electricity,  the  density  and  condition  of  the  air,  and 
the  brilliancy  of  the  attendant  light.  When  the  state  of  the  atmosphere  is 
such  that  a  moderately  intense  discharge  can  proceed  in  an  occajjionally 
deviating  zigzag  line,  the  great  nucleus  or  head  of  the  discbarge  becomes 
drawn  out  as  it  were  into  a  line  of  light  visible  through  the  whole  track  r 
and  if  the  discharge  divides  on  approaching  a  terrestrial  object,  we  have  what 
sailors  call  *  forked  lightning;*  if  it  doCM  not  divide,  but  exhibits  a  long 
rippling  line  with  but  little  deviation,  they  call  it  *  chain  lightning.*  What 
sailors  term  *  sheet  lightning '  is  the  light  of  a  vivid  discharge,  reflected  from 
the  surface  of  distant  clouds,  the  spark  itself  being  concealed  by  a  dense 
intermediate  mass  of  cloud,  behind  which  the  discharge  has  taken  place.  In 
this  way  an  extensive  range  of  cloud  may  appear  in  a  blaze  of  light,  pro- 
ducing a  truly  sublime  effect.  The  appearance  termed  *  globular  ligfUning* 
may  be  the  result  of  similar  discharges ;  it  is,  no  doubt,  always  attended  by 
a  diffusely  luminous  track :  this  may,  however,  be  completely  eclipsed  in  the 
mind  of  the  observer  by  the  great  concentration  and  density  of  the  discharge 
in  the  points  immediately  through  which  it  continues  to  force  its  way,  and 
where  the  condensation  of  the  air  immediately  before  it  is  often  extremely 
great.  It  is  this  intensely  luminous  point  which  gives  the  notion  of  globu- 
lar discharges;  and  it  is  clear,  from  the  circumference  of  air  which  may 
become  illuminated,  the  apparent  diameter  will  often  be  great.' 

In  many  cases  in  which  distinct  balls  of  fire  of  sensible  duration 
have  been  perceived,  the  appearance  may  have  resulted  from  a 
species  of  brush  (20,  6.)  or  glow  (20,  c.)  discharge,  and  it 
is  not  difficult  to  conceive  that  before  a  discharge  of  the  whole 
system  takes  place,  that  is  to  say,  before  the  constrained  condition 
of  the  dielectric  particles  of  air  intermediate  between  the  clouds  and 
the  earth  becomes  as  it  were  overturned,  the  particles  nearest  one  of 
the  terminating  plains  or  other  bodies  situate  on  them  may  begin 
to  discharge  upon  the  succeeding  particles,  and  make  an  efFoii;  to 
restore  the  natural  condition  of  the  system  by  a  ffradual  process. 

(50)  Positions  of  Safety  dnrinsr  a  Tbanderstorm. — If  out 
of  doors,  trees  should  be  avoided ;  and  if  from  the  rapidity  with 
which  the  explosion  follows  the  flash,  it  should  be  evident  that 
the  electric  clouds  are  near  at  hand,  a  recumbent  position  on  the 
ground  is  the  most  secure.  It  is  seldom  dangerous  to  take  shelter 
under  sheds,  carts,  low  buildings,  or  the  arch  of  a  bridge ;  the  dis- 
tance of  twenty  or  thirty  feet  from  tall  trees  or  houses  is  rather  an 
eligible  situation,  for  should  a  discharge  take  place,  these  elevated 
bodies  are  most  likely  to  receive  it,  and  less  prominent  bodies  in 
the  neighbourhood  are  more  likely  to  escape.  It  is  right  to  avoid  ■ 
wateTf  for  it  is  a  good,conductor,  and  the  height  of  a  human  being 
near  the  stream  is  not  unlikely  to  determine  the  direction  of  a  dis- 
charge.   Within  doors  we  are  tolerably  safe  in  the  middle  of  a 
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carpeted  room,  or  when  standing  on  a  double  hearth  rug.  The 
chimney  should  be  avoided,  as,  when  a  building  is  struck  with 
lightning,  the  charge  is  generally  determined  towards  it  in  conse- 
quence of  the  good  conducting  power  of  the  carbon  or  soot ;  upon 
the  same  principle,  gilt  mouldings,  bell  wires,  &c.  are  in  danger  of 
being  struck.  In  bed  we  are  tolerably  safe,  blankets  and  feathers 
being  bad  conductors,  and  we  are  consequently  to  a  certain  extent 
insulated.  It  is  injudicious  to  take  refuge  in  a  cellar,  for  it  has 
sometimes  happened  that  buildings  that  have  been  struck  by  light- 
ning have  sustained  the  greatest  injury  in  the  basement  story. 

(51)  Back  Stroke.  —  A  person  may  be  struck  by  lightning 
although  the  explosion  takes  place  twenty  miles  off,  by  what  is 
called  the  '  back  stroke.'  Suppose  that  the  two  extremities  of  a 
cloud  highly  charged  hang  down  to  the  earth,  they  will  repel  the 
electricity  from  the  earth's  surface  if  it  be  of  the  same  kind  as  their 
own,  and  will  attract  the  other  kind ;  if  a  discharge  should  sud- 
denly take  place  at  one  end  of  the  cloud,  the  equilibrium  will 
instantly  be  restored  by  a  flash  at  that  point  of  the  earth  which  is 
under  the  other.  Although  this  back  stroke  is  sometimes  suffi- 
ciently powerful  to  destroy  life,  it  is  never  so  terrible  in  itff^ffects 
as  the  direct  shock. 

(52)  Usrbtninsr  Conductors. — Franklin  was  the  first  to  sug- 
gest a  method  of  defending  buildings  from  the  effects  of  lightning. 
His  plan  was  to  erect  by  the  side  of  the  building  a  continuous 
metallic  rod  in  perfect  communication  with  the  earth,  and  experi- 
ence has  fully  demonstrated  the  value  of  this  precaution.  The 
metal  should  be  copper,  the  rod,  about  one  inch  in  diameter,  should 
be  carried  above  the  highest  point  of  the  building,  and  it  should 
penetrate  the  ground  sufficiently  deep  to  come  into  contact  with 
moist  soil.  It  should  be  applied  as  closely  as  possible  to  the  walls 
of  the  building,  and  all  contiguous  masses  of  metal,  gutters,  water- 
pipes,  &c.  should  be  metallically  connected  with  it,  for  although 
there  is  no  danger  of  a  properly  arranged  lightning-conductor 
throwing  off  lateral  sparks  to  any  semi-insulated  metallic  masses 
near  it,  the  discharge  may  in  its  course  divide  between  the  rod  and 
other  metallic  bodies  in  its  neighbourhood  in  good  connection  with 
the  earth.  The  action  of  the  con(Juctor  is  purely  passive ;  it  offers 
to  the  disruptive  discharge  a  line  of  small  resistance  whereby 
those  irresistible  mechanical  effects  which  attend  the  passage  of 
the  discharge  through  resisting  matter  are  prevented. 

When  large  ranges  of  straggling  buildings  are  to  be  protected, 
two  or  more  conductors  should  be  applied,  and  the  whole  connected 
together  by  bands  of  metal.  Harris  recommends  that  the  conduc- 
tors should  be  constructed  of  copper  pipe,  from  one  to  two  inches 
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in  diaoieter,  and  about  one-fifth  of  an  inch  thick — it  may  be  pre- 
pared in  lengths  of  about  ten  feet,  and  united  together  at  the  time 
of  fixing,  by  screwing  the  lengths  together  upon  short  intermediate 
pieces. 

When  a  very  dense  electrical  explosion  falls  on  a  conductor,  the 
rod  sometimes  becomes  covered  with  a  luminous  glow,  and  a  loud 
whizzing  sound  is  at  the  same  time  heard.  This  luminous  appear- 
ance is,  however,  of  a  perfectly  harmless  character,  and,  provided 
the  conductor  be  of  sufficient  capacity,  it  is  unattended  with  any 
calorific  effect ;  it  appears  to  be  a  sort  of  glow  discharge  (20,  c.) 
between  the  metal  and  the  air,  immediately  in  the  points  of  con- 
tact, and  may  be  classed  with  the  phosphorescent  flashes  attendant 
on  the  aurora  borealis,  or  with  the  streaming  of  ordinary  electricity 
in  the  exhausted  receiver  of  an  air-pump. 

The  foUowiog  experiment  was  arranged  by  Sir  Wro.  5arri8  (Nature  of 
Tliunderstornui),  with  the  view  of  illustrating  the  power  of  pointed  bodies  to 
discharge  the  electricity  of  the  clonds  without  attracting  them,  cp  b  (Fig.  64) 
is  a  long  bent  arm  of  light  brass  wire,  balanced  by  means  of  a  central  point,  />, 
on  the  charging-rod  of  the  jar  j,  on  which  it  has  free  motion  in  all  directions ; 
▲  is  a  light  disc  of  gilded  wood,  resembling  a  common  scale  pan,  coVered 

Fig.  64. 


with  a  lock  of  fine  cotton- wool,  and  suspended  by  conducting  threads  from 
the  arm  cpb.  A  pointed  body,  b,  is  placed  on  the  same  conducting  base 
as  the  jar.  If  the  jar  be  now  charged,  the  cotton  in  the  scale  pan  will  begin 
to  extend  its  filaments,  and  the  whole  will  be  attracted  towards  the  table 
much  in  the  same  way  as  a  cloud  appears  to  be  attracted  towards  the  earth. 
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eansing  the  bent  arc  c ;>  6  to  assume  an  inclined  position.  If  the.  arm  be 
now  caused  to  move  upon  its  centre,  p,  so  as  to  allow  the  artificial  cloud  a 
to  approach  the  point  b,  the  arm  will  gradually  assume  its  previous  hori- 
zontal position,  in  consequence  of  the  influence  of  the  point  in  neutralising 
the  opposite  forces.  As  the  artificial  cloud  continues  to  approach  the  point, 
this  action  proceeds  so  rapidly  as  frequently  to  produce  a  whizzing  sound, 
the  bent  arm  recovering  at  the  same  time  its  horizontal  position.  The 
scale-pan  a,  so  far  from  being  attracted  by  the  point,  actually  recedes  from 
it,  and  represents  very  faithfully  the  nature  of  the  operation  of  pointed  bodies 
on  charged  clouds. 


Fig.  65. 


Fig.  66. 
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The  following  instructive  experiments  were  alao  devised  by 
Harris  for  the  purpose  of  proving  that  an  electrical  explosion  will 
not  leave  a  good  conductor,  constituting  an  efficient  line  of  action^ 
to  fall  upon  bodies  out  of  that  line : — 

Lay  some  small  pieces  of  gold  leaf  on  a  piece  of  paper,  as  represented  in 
l^ig*  65 ;  P&ss  a  dense  shock  of  electricity  (from  not  less  than  eight  square 
feet  of  coating)  over  these  from  the  commencement  at  a  to  the  termination 
at  B,  so  as  to  destroy  the  gold ;  the  line  which  the  discharge  has  taken  will 
be  as  shown  in  Fig.  66,  which  is  copied  from  the  actual  effects  of  an  electrical 
discharge.  By  the  result  of  the  explosion  represented  in  Fig.  66,  it  is  shown 
that  the  portions  cf  the  conductor  below  the  striking  parts  are  out  of  the 
line  of  discharge,  and  not  involved  in  the  result. 

In  Fig.  66  it  is  particularly  worthy  of  remark  that  not  only  are  the  pieces 
5,  6,  14.  15,  18,  19,  22,  23  untouched,  being  from  their  positions  of  no  use  in 
facilitating  the  progress  of  the  discharge,  but  even  portions  of  other  pieces 
which  have  so  operated  are  left  uninjured,  as  2,  3,  8,  9,  10,  so  little  is  there 
any  tendency  to  a  lateral  discharge,  even  up  to  the  point  of  dispersion  of 
the  metallic  circuit  in  which  the  charge  has  proceeded.  Indeed,  as  Harris 
observes,  so  completely  is  the  effect  confined  to  the  line  of  least  resistance, 
that  percussion  powder  may  be  placed  with  impunity  in  the  interval  between 
the  portions  4  and  5,  and  the  separated  pieces  of  gold  leaf  thus  placed  may 
be  taken  to  represent  detached  conducting  masses  fortuitously  placed  along 
the  mast  and  hull  of  a  ship,  and  that  therefore  any  fear  that  a  conductor  on 
a  ship's  mast  would  operate  on  the  magazine  is  quite  unwarranted. 

(53)  Xiisriitninsr  Conductors  for  Slilps. — Formerly  the  con- 
ductors used  for  protecting  ships  against  the  effects  of  lightning 
consisted  of  chains  or  links  of  copper  about  the  size  of  a  goose 
quill,  which  were  generally  packed  away  in  a  box,  where  they 
frequently  remained  untouched  during  long  and  hazardous  voy- 
ages. It  was  the  late  Mr.  Singer  who  first  suggested^that  fixed 
conductors  should  be  employed,  but  the  perfection  of  system,  and 
its  general  introduction  into  the  navies  and  merchant  services  of 
nearly  all  countries  is  due  to  the  unceasing  labours  of  Sir  Wil- 
liam Snow  Harris, 

His  original  proposition  (Natdicdl  Magazine^  1852)  was  to  in- 
corporate vdth  the  masts  a  series  of  copper  plates  from  the  truck 
to  the  keelson,  so  mechanically  arranged  and  combined  in  two 
laminae  as  to  yield  freely  to  any  flexure  or  strain  to  which  the 
spars  might  be  subject,  at  the  same  time  preserving  an  efficient 
and  unbroken  chain,  and  then  to  connect  these  vertical  conducting 
lines  by  conducting  plates  similarly  arranged  v^th  the  various 
metallic  bolts  passing  through  the  keelson  and  other  parts  of  the 
hull  to  the  copper  expanded  over  the  bottom,  thus  uniting  as  it 
were  into  one  great  chain  the  conductor  on  the  mast,  the  metallic 
bodies  on  the  hull,  and  the  general  surface  of  the  sea,  so  that  from 
the  moment  of  lightning  falling  on  any  point  aloft  the  explosion 
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Fig.  68. 


would  cease,  and  the   general   fabric  would  be  insured  against 
damage. 

Harris's  improved  system  of  lightning  conductors  for  ships  is 
shown  in  Figs.  67,  68. 

A  B  c  D  is  the  conductor,  consisting  of  a  series  of  narrow  plates  of  sheet 
copper  in  lengths  of  four  feet,  placed  in 
two  layers,  one  immediately  over  the  other, 
in  sach  a  way  as  to  allow  the  joints  of  one 
series  to  fall  immediately  under  or  over  the 
continuous  portions  of  the  other.  The 
plates  are  laid  in  shallow  grooves  cut  for 
their  reception  along  the  aft  sides  of  the 
respective  masts,  from  the  truck  to  the 
keelson,  and  preserving  an  adequate  con- 
nection in  the  caps  through  which  the 
upper  portions  of  the  mast  are  required  to 
slide.  The  elongation  or  contraction  of  the 
masts,  or  the  removal  of  either  of  them, 
in  no  way  disturbs  the  continuity  of  the 
line,  which  evidently  remains  the  same,* 
and  is  the  shortest  and  best  conducting 
line  between  the  mast-head  at  d  and  the 
sea  at  s. 

The  security  ensured  to  ships  by 
this  system  of  lightning  conductors 
is  demonstrated  by  the  following 
analysis  of  recorded  cases  of  *  Ships 
Struck  by  Lightning/  published  by 
Harris  in  the  Nautical  Magazine, 
1852: — 

*The  general  system  of  lightning-con- 
ductors has  been  more  or  less  in  use  since 
the  year  1830 ;  at  first  in  about  ten  of  Her 
Majesty's  ships,  and  since  1842  throughout 
the  whole  navy,  which  gives  a  clear  course 
of  experiments  of  at  least  twenty  years. 
Now  during  this  time  the  ships  having 
the  new  conductors  have  been  exposed  to 
lightning  in  its  most  appalling  forms  in 
almost  every  part  of  the  world ;  and  during 
these. twenty  years  there  are  not  more  than 
forty  recorded  cases  of  ships  struck  by 
lightning,  though  numbers  of  remarkable 
instances  in  which  the  conductors  have 
carried  off  tranquilly,  as  it  were,  large 
streams  of  atmospheric  electricity.  In  no 
etue  has  any  ill  consequence  ensued.  Be- 
tween 1822  and  1^42,  that  is,  up  to  the 
date  at  which  the  system  was  fully  adopted. 
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and  including  ten  years  common  to  both  periods,  there  are  sixty  recorded 
cases  of  ships  struck,  and  in  every  instanee  destructive  damage  ensued,  and 
in  many  cases  to  a  frightful  extent.  It  thus  appears  that  ships  not  furnished 
with  the  new  conductors  have  been  struck  by  lightning  more  frequently  than 
ships  having  such  conductors  in  the  proportions  of  three  to  two.  A  result 
quite  conclusive  of  the  question  whether  such  conductors  do  or  do  not 
operate  in  attracting  lightning  to  the  ship.  In  short,  since  the  general 
introduction  of  this  s^'stem  into  the  public  service,  damage  from  lightning 
has  vanished  altogether  from  the  records  of  the  navy.' 

Aj8  an  illustration  of  the  tremendous  explosive  power  of  light- 
ning when  it  strikes  the  unprotected  mast  of  a  ship,  we  may  quote 
the  case  of  H.  M.  ship  '  Elephant,'  which  was  struck  by  a  powerful 
flash  of  lightning  in  November  1790. 

The  mast  weighed  18  tons;  it  was  3  feet  in  diameter  and  no  feet  long, 
and  was  strongly  bound  together  by  iron  hoops,  some  of  which  were  half  an 
inch  thick  and  5  inches  wide ;  yet  it  was  shivered  into  pieces,  and  the  hoops 
were  burst  open  and  scattered  around  amidst  the  shattered  fragments  of  the 
mast.     (^Harrii,") 

An  instructive  illustration  of  the  protective  power  of  a  conductor 
is  afforded  by  the  instance  of  the  '  Dido/  which  was  struck  by  a 
bifurcated  flash  of  lightning  which  fell  upon  the  main  royal  mast 
in  May  1847. 

One  of  the  branches  struck  the  extreme  point  of  the  royal  yard  arm,  which 
was  not  supplied  with  a  emidttctor,  and  in  its  course  to  the  conductor  on  the 
mast  demolished  the  yard,  and  tore  in  pieces  or  scorched  up  the  grater 
part  of  the  sail ;  the  other  part  fell  on  the  vane-spindle  and  truck,  which 
huit  was  split  open  on  the  instant  that  the  discharge  seized  the  conductor. 
From  this  point,  however,  the  explosive  action  ceased,  and  the  discharge 
ireely  traversed  the  whole  line  of  the  conductor,  from  the  masthead  (which 
was  supplied  with  a  conductor)  downwards,  without  doing  further  damage. 

(54)  Voleanlo  BmptlonB  in  tlie  Sea. — ^These  being  gene- 
rally attended  by  thunder  and  lightning,  may  be  classed  among 
electrical  phenomena.  In  June  18 11,  Captain  Tilland  observed, 
off  the  island  of  St.  Michael,  one  of  these  marine  volcanoes,  of 
which  he  has  given  the  following  account  (PhU,  Trans.)  : — 

'Imagine  an  immense  body  of  smoke  rising  fh>m  the  sea.  In  a  quiescent 
state  it  had  the  appearance  of  a  circular  cloud  revolving  in  the  water  like  a 
horizontal  wheel,  in  various  and  irregular  involutions,  expanding  itself 
gradually  on  the  lee  side ;  when  suddenly  a  column  of  the  blackest  cinders, 
ashes,  and  stones  would  shoot  up  in  the  form  of  a  spire,  rapidly  succeeded 
by  others,  each  acquiring  greater  velocity,  and  breaking  into  various  branches 
resembling  a  group  of  pines ;  these  again  forming  themselves  into  festoons 
of  white  feathery  smoke.  During  these  bursts  the  most  vivid  flashes  of 
lightning  continually  issued  from  the  densest  part  of  the  volcano,  and  the 
columns  rolled  off  in  large  masses  of  fleecy  clouds,  gradually  expanding 
themselves  before  the  wind,  in  a  direction  nearly  horizontal,  and  drawing 
up  a  quantity  of  waterspouts.    In  less  than  an  hour  a  peak  was  visible,  and 
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in  three  hours  from  the  time  of  our  arrival  tlie  volcano,  then  being  foar  hours 
old,  a  crater  was  formed  twenty  feet  high  and  from  four  to  five  hundred  feet 
in  diameter. 

*  The  eruptions  were  attended  by  a  noise  like  the  firing  of  cannon  and 
musketry  mixed,  as  also  with  shocks  of  earthquake,  sufficient  to  throw  down 
a  large  part  of  the  cliff  on  which  we  stood.  I  afterwards  visited  the  volcanic 
island ;  it  was  eighty  yards  high ;  its  crater  upon  the  level  of  the  sea  was 
full  of  boiling  water ;  it  was  about  a  mUe  in  circumference,  and  composed  of 
porous  cinders  and  masses  of  stone.' 

(55)  Tornadoes. — ^It  has  been  a  subject  of  discussion  whether 
tornadoes  are  really  electrical  phenomena^  or  whether  they  are 
caused  by  heat  evolved  from  condensing  vapour.  From  the  fol- 
lowing account  of  the  devastating  effects  of  one  of  these  meteors 
which  occurred  at  Chatenay,  near  Paris,  in  1839,  i*  appears  that 
they  are  accompanied  by  marked  electrical  disturbances  (Heport 
hy  Peltier  to  the  French  Academy  of  Sciences  in  1839)  :— 

'  Up  to  this  time  there  had  been  thunder  continually  rnmbling  within  the 
second  thunder-cloud,  when  suddenly  an  under  portion  of  this  cloud 
descending  and  entering  into  communication  with  the  earth  the  thunder 
ceased.  A  prodigious  attractive  force  was  exerted  forthwith,  all  the  dust 
and  other  light  bodies  wh'ch  covered  the  surface  of  the  earth  mounted  to- 
wards the  apex  of  the  cone  formed  by  the  cloud,  and  a  rumbling  thunder 
was  continually  heard.  Small  clouds  wheeled  about  the  inverted  cone, 
rising  and  descending  with  rapidity.  The  column  was  terminated  by  a  cap 
of  fire.  To  the  south-east  of  the  tornado,  on  the  side  exposed  to  it,  the  trees 
were  shattered,  while  those  on  the  other  side  of  it  preserved  their  sap  and 
verdure  .  .  .  finally  it  advanced  to  the  park  and  castle  of  Chatenay,  over- 
throwing every  thing  in  its  path.  On  entering  the  park,  which  is  on  the 
summit  of  a  hill,  it  desolated  one  of  the  most  agreeable  residences  in  the 
neighbourhood  of  Paris.  All  the  finest  trees  were  uprooted,  the  yoangest 
only,  which  were  without  the  tornado,  having  escaped.  The  walls  were 
thrown  down,  the  roofs  and  chimneys  of  the  castle  and  farm-house  carried 
away,  and  branches,  tiles,  and  other  moveable  bodies  were  thrown  to  a 
distance  of  more  than  five  hundred  yards.  Descending  the  hill  towards  the 
north,  the  tornado  stopped  over  a  pond,  killed  the  fish,  overthrew  the  trees, 
withering  their  leaves,  and  then  proceeded  slowly  along  the  avenue  of 
willows,  the  roots  of  which  entered  the  water ;  and  being,  during  this  part 
of  its  progress,  much  diminished  in  size  and  form,  it  proceeded  slowly  over 
a  plain,  and  finally,  at  a  distance  of  more  than  a  thousand  yards  from 
Chatenay,  divided  into  two  parts,  one  of  which  disappeared  in  the  clouds, 
the  other  in  the  groand  ....  Flashes,  fiery  balls  and  sparks  accompanied 
the  tornado ;  a  smell  of  sulphur  remained  for  several  days  in  the  house,  in 
which  the  curtains  were  found  discoloured  ....  Everything,*  observes 
Peltier,  *  proves  that  the  tornado  is  nothing  eke  than  a  conductor  formed 
of  the  clouds,  which  serves  as  a  passage  for  a  continual  discharge  of  electricity 
from  those  above;  and  that  the  difference  between  an  ordinary  thunder- 
storm and  one  accompanied  by  a  tornado,  consists  in  the  presence  of  a  con- 
ductor of  clouds,  which  seem  to  maintain  the  combat  between  the  upper 
portions  of  the  tornado  and  the  ground  beneath.' 
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(56)  iXTatenipoats. — Electrical  agencies  are  supposed  to  be 
concerned  in  the  production  of  waterspouts,  which  are  at  sea 
what  whirlwinds  are  on  land.  These  phenomena  are  considered 
to  arise  from  the  operation  of  electrical  attraction.  The  following 
account  of  a  waterspout  which  nearly  overwhelmed  the  vessel  is 
given  by  Captaia  Beechey,  in  his  published  account  of  his  voyage 
in  the  Pacific,  when  he  commanded  the  *  Blossom :' — 

*  It  approached  amidst  heavy  rain,  thunder  and  lightning,  and  was  not 
seen  until  it  was  very  near  the  ^hip.  The  wind  blew  with  great  violence, 
momentarily  changing  its  direction,  as  if  it  were  sweeping  round  in  short 
spirals ;  the  rain,  which  fell  in  torrents,  was  also  precipitated  in  curves,  with 
short  intervals  of  cessation.  Amidst  this  shower  the  waterspout  was  dis- 
covered extending  in  a  lapwing  form  from  a  dense  stratum  of  cloud  to 
within  thirty  feet  of  the  water,  where  it  was  hid  by  the  foam  of  the  sea, 
being  whirled  upwards  by  a  tremendous  gyration.  It  changed  its  direction 
after  it  was  first  seen,  and  threatened  to  pass  over  the  ship,  but  being 
diverted  from  ils  course  by  a  heavy  gust  of  wind  it  gradually  receded.  On 
the  dispersion  of  this  magnificent  phenomenon,  We  observed  the  column  to 
diminish  gradually,  and  at  length  retire  from  the  cloud  from  which  it  had 
descended,  in  an  undulating  form  ....  A  ball  of  fire  was  observed  to  be 
precipitated  into  the  sea,  and  there  was  much  lightning.  The  column  of  the 
waterspout  first  descended  in  a  spiral  form,  until  it  met  the  aacending  column 
a  short  distance  from  the  sea.  A  second  and  a  third  were  afterwards  formed, 
which  subsequently  united  into  one  large  column ;  and  this  again  separated 
in  three  small  spirals,  and  then  dispersed.  The  barometer  was  not  affected, 
but  the  thermometer  fell  eight  degrees.  The  gyrations  were  in  a  direction 
contrary  to  that  of  the  hands  of  a  watch.* 

The  appearance  of  a  waterspout,  as  seen  by  Captain  Beechey,  at 
the  commencement  of  its  formation,  is  shown  in  Fig.  69.  The 
cone  gradually  elongated,  and  as  its  apex  approached  the  sea  the 
surface  of  the  latter  was  perceptibly  agitated,  and  became  whirled 
in  the  air  with  a  rapid  gyration,  forming  a  vast  basin,  from  the 
centre  of  which  the  gradually  lengthening  column  seemed  to  drink 
fresh  supplies  of  water,  as  shown  in  Fig.  70.  After  a  time  heavy 
rain  fell  from  the  right  of  the  arch  at  a  short  distance  from  the 
spout,  upon  which  the  water-spout  began  to  retire.  The  sea,  on 
the  contrary,  was  more  agitated,  and  for  several  minutes  the  basin 
continued  to  increase  in  size,  although  the  column  was  consider- 
ably diminished.  Its  appearance  at  this  time  is  shown  in  Fig.  7 1 . 
In  a  few  minutes  more  the  column  had  entirely  disappeared.  The 
sea,  however,  still  continued  agitated,  and  did  not  subside  for 
three  minutes  after  all  disturbing  causes  from  above  had  va- 
nished. 

(57)  Tlie  Aurora  Borealts. — ^Although  no  theory  that  has 
yet  been  suggested  to  account  for  this  magnificent  meteorological 
phenomenon  has  received  general  acceptation,  it  is  evident  that 
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Fig.  70. 


Fig.  71- 


Digitized  by 


Google 


96  ATMOSrHERlC  ELECTRICITY. 

the  agent  to  which  its  development  is  due  is  electricity,  influenced 
in  some  as  yet  unascertained  manner  by  terrestrial  magnetism. 

The  appearance  of  an  aurora  may  be  closely  imitated  by  passing 
a  stream  of  electricity  from  the  prime  conductor  of  an  electrical 
machine  through  a  tube  exhausted  of  air — the  same  variety  of 
colour  and  intensity,  the  same  undulating  motions  and  occasional 
coruscations,  and  the  same  inequality  in  the  luminous  appearance 
are  exhibited  as  in  the  aurora,  and  when  the  rarefaction  is  consider- 
able, various  parts  of  the  stream  assume -that  peculiar  glowing 
colour  which  occasionally  appears  in  the  atmosphere. 

This  beautiful  experiment  is  thus  modified  by  De  la  Rive 
(CompteS'ItenduSy  Oct.  15,  1849). 

A  cylindrical  rod  of  iron  is  cemented  air-tight  into  a  glass  globe.  It  is 
covered,  except  at  its  two  ends,  with  an  insulating  and  thick  layer  of  wax. 
A  copper  ring  surrounds  the  bar  above  the  insulating  layer  in  its  internal 
part,  the  nearest  to  the  side  of  the  globe ;  from  this  ring  proceeds  a  con- 
ducting-rod,  which,  carefully  insulated,  traverses  the  same  tubulure  as  the 
iron  bar,  but  without  communicating  with  it,  and  terminates  externally  in  a 
knob  or  hook.  The  air  being  rarefied  through  a  stop-cock  attached  to  a 
second  tubulure,  the  hook  or  knob  is  made  to  communicate  with  one  con- 
ductor, and  the  external  extremity  of  the  bar  with  the  other  conductor  of 
an  electrical  machine ;  the  electricities  unite  in  the  globe,  forming  a  more 
or  less  regular  fascicle  of  light.  On  bringing  the  external  end  of  the  iron 
bar  into  contact  with  a  pole  of  an  electro-magnet,  taking  care  to  preserve 
good  insulation,  the  light  becomes  a  luminous  ring,  which  rotates  round  the 
bar  in  a  direction  regulated  by  the  magnetization  of  the  bar.  From  this 
luminous  ring  brilliant  jets  issue  and  form  the  fascicle.  On  removing  the 
electro-magnet  these  phenomena  cease,  giving  place  to  the  previous  appear- 
ance, and  what  is  generally  known  by  the  name  of  *  tJie  electrical  egg* 

The  following  is  a  general  description  of  the  aurora  as  observed 
by  M.  Lottin,  at  Bossekop,  in  the  bay  of  Alten,  on  the  coast  of 
West  Finland,  in  lat.  70°  N.,  during  the  winter  of  1838-9  (^Beo- 
querelas  Traits  de  MetSorologie)  ; — 

'Between  the  hours  of 4  and  6  in  the  afternoon,  the  sea-fog,  which  con- 
stantly prevails  in  those  regions,  becomes  coloured  on  its  upper  border,  or 
rather  is  fringed,  with  the  light  of  the  aurora,  which  is  behind  it.  This 
border  becomes  gradually  more  regular,  and  takes  the  form  of  an  arc,  of  a 
pale  yellow  colour,  the  edges  of  which  are  diffuse,  and  the  extremities  resting 
on  the  horizon.  The  bow  swells  upwards  more  or  less  slowly,  its  summit 
being  constantly  on  the  magnetic  meridian,  or  very  nearly  so.  The  luminous 
matter  of  the  arc  soon  becomes  divided  regularly  by  blackish  streaks,  and  is 
resolved  into  a  system  of  rays.  These  rays  are  alternately  extended  and 
contracted,  sometimes  slowly,  sometimes  instantaneously;  sometimes  t\ity 
would  dart  out,  increasing  and  diminishing  suddenly  in  splendour.  The 
inferior  parts  of  the  feet  of  the  rays  present  always  the  most  vivid  light, 
and  form  an  arc  of  greater  or  less  regularity.  The  length  of  these  rays  was 
often  very  varied,  but  they  all  converged  to  that  point  of  the  heavens 
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indicated  by  the  direction  of  the  atmth  pole  of  the  dipping  needle.  ~  Some- 
times they  were  prolonged  to  the  point,  where  their  directions  intersected, 
and  formed  the  summit  of  an  enormous  dome  of  light  The  bow  would  then 
continue  to  ascend  towards  the  zenith.  Its  light  would  experience  an  un- 
dulatory  movement ;  that  is,  from  one  extremity  to  the  other  the  brightness 
of  the  rays  would  increase  successively  in  intensity.  This  luminous  current 
would  appear  several  times  in  quick  succession,  and  it  would  pass  much 
more  frequently  from  west  to  east  than  in  the  opposite  direction.  Some- 
times, though  rarely,  a  retrograde  motion  would  take  place  immediately 
afterwards ;  and  as  soon  as  tliis  wave  of  light  had  run  successively  over  all 
the  rays  of  the  aurora  from  west  to  east,  it  would  return  in  the  contrary 
direction  to  the  point  of  its  departure.  The  bow  thus  presenting  the 
appearance  of  an  alternate  motion  in  a  direction  nearly  horizontal,  had 
usually  the  appearance  of  the  undulations  or  folds  of  a  riband,  or  of  a  flag 
agitated  by  the  wind.  Sometimes  one,  sometimes  both  of  its  extremities 
would  desert  the  horizon,  and  then  its  folds  would  become  more  numerous 
and  marked ;  the  bow  would  change  its  character  and  assume  the  form  of  a 
long  sheet  of  rays  returning  into  itself,  and  consisting  ot  several  parts, 
forming  graceful  curves.  The  brightness  of  the  rays  would  vary  suddenly, 
sometimes  surpassing  in  splendour  stars  of  the  first  magnitude.  These  rays 
would  rapidly  dart  out,  and  curves  would  be  formed  and  developed  like  the 
folds  of  a  serpent;  then  the  rays  would  assume  various  colours:  the  base 
would  be  blood  red,  the  middle  pale  emerald  green,  and  the  remainder  Vould 
preserve  its  clear  yellow  hue.  These  colours  always  retained  their  respective 
positions,  and  they  were  of  admirable  transparenc}*^ ;  the  brightness  would 
then  diminish,  the  colour  disappear,  and  all  would  be  extinguished — some- 
times suddenly,  sometimes  gradually. 

<  After  this  disappearance,  fragments  of  the  bow  would-be  reproduced, 
and  would  continue  their  upward  movement  and  approach  the  zenith.  The 
rays,  by  tlie  effect  of  perspective,  would  be  gradually  shortened;  the  thick- 
ness of  the  arc,  which  presented  tiius  the  appearance  of  a  larger  zone  of 
parallel  rays,  could  be  estimated ;  then  the  vortex  of  the  bow  would  reach 
the  magnetic  zenith,  or  the  point  to  which  the  south  pole  of  the  dipping 
needle  is  directed.  At  that  moment  the  rays  would  be  seen  in  the  direction 
of  their  feet.  If  they  were  coloured,  they  would  appear  as  a  large  red  band, 
through  which  the  green  tints  of  their  superior  darts  could  be  distinguished ; 
and  if  the  wave  of  light  above  mentioned  pass  along  them,  their  feet  would 
form  a  long,  sinuous,  undulating  zone ;  while  throughout  all  these  changes 
the  rays  would  never  suffer  any  oscillation  in  the  direction  of  their  axis,  and 
would  constantly  preserve  their  mutual  parallelisms.  In  the  meantime  new 
arcs  are  formed,  either  commencing  in  the  same  diffuse  manner,  or  with 
perfectly  formed  and  very  Vivid  rays.  The}'  succeed  each  other,  passing 
through  nearly  the  same  phases,  and  arrange  themselves  at  certain  distances 
from  each  other.  As  many  as  nine  have  been  counted,  forming  as  many 
bows,  having  their  ends  supported  on  the  earth,  and  in  their  arrangement 
resembling  the  short  curtains  suspended  one  behind  the  other  over  the 
scene  of  a  theatre,  and  intended  to  represent  the  sky.  Sometimes  the  in- 
tervals between  these  bows  diminish,  and  two  or  more  of  them  close  upon 
each  other,  forming  one  large  zone,  traversing  the  heavens,  and  disappearing 
towards  the  south,  becoming  rapidly  feeble  after  passing  our  zenith.  If  we 
can  picture  to  our  imagination  all  these  vivid  rays  of  light  issuing  forth  with 
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splendour,  and  van'ing  continually  and  suddenly  in  their  length  and  bright- 
ness, coloured  at  intervals  with  beautiful  red  and  green  tints,  with  waves  of 
light  undulating  over  them,  the  whole  firmaoient  presenting  one  immense 

Fig.  72. 


and  magnificent  dome  of  light  reposing  on  the  snow-covered  base  suppb'ed 
by  the  ground,  which  itself  serves  as  a  dazzling  frame  for  a  sea  calm  ami 
black  as  a  pitchy  lake,  some  idea  may  be  obtained  of  the  splendid  spectacle 

Fig.  73. 


which  is  presented  to  him  who  witnesses  for  the  first  time  the  Aurora  in  the 
bay  of  Alten.' 

Figs.  72,  73,  74,  75,  may  serve  as  representations  of  some  of  the  phenomena 
above  described.    They  are  copied  from  engravings  in  M.  Lottin's  Memoir. 

During  the  winter  of  1838-9,  between  September  1838  and 
April  1839,  M.  Lottin  observed  no  less  than  143  auroras  in  the  bay 
of  Alten.  They  were  most  frequent  during  the  period  while  the 
sun  remained  below  the  horizon,  that  is,  from  the  17th  of  Novem- 
ber to  the  zfth  of  January.     During  these  nights  he  observed  70 
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auroras,  without  counting  those  which  were  rendered  nearly  in- 
visible by  a  clouded  sky,  the  presence  of  which  was  indicated  by 
the  disturbance  of  the  magnetic  needle. 

Fig.  74- 


It  is  very  rarely  that  an  aurora  is  observed  complete  in  any  but 
the  northern  regions.  Sometimes  the  bow  is  either  incomplete  in 
itself,  or  is  divided  into  several  points ;  at  other  times  the  light  is 
intercepted  by  clouds,  which  modify  both  the  colour  and  the  depth 


Fig.  75- 


of  the  borders.     Many  other  circumstances  concur  in  interfering  in 
various  ways  with  its  regular  formation. 

The  aurora  borealis  is  seldom  seen  in  perfection  in  this  country. 
In  October  1792,  Dr.  Dalton  witnessed  one  which  he  watched 
with  great  attention,  and  of  which  he  has  furnished  the  following 
account  (Meteorological  Essays) : — 

*  Attention  was  first  excited  by  a  remarkably  red  appearance  of  the  clouds 
to  the  south,  which  afforded  sufficient  light  to  read  by  at  eight  o*cIock 
in  the  evening,  though  there  was  no  moon  nor  light  in  the  north.  From 
half- past  nine  to  ten  there  was  a  large  luminous  horizontal  arch  to  the 
southward,  and  several  faint  concentric  arches  northward.  It  was  particu- 
larly noticed  that  all  the  arches  seemed  exactly  bisected  by  the  plane  of  the 
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magnetic  meridian.  At  half^past  ten  o'clock  streamers  appeared,  ver}'  low 
in  the  soath-east,  running  to  and  fro  from  west  to  east ;  they  increased  in 
number,  and  began  to  approach  the  zenith  apparently  with  an  accelerated 
velocity,  when  all  on  a  sudden  the  whole  hemisphere  was  covered  with 
them,  and  exhibited  such  an  appearance  as  passes  all  description.  The 
intensity  of  the  light,  the  prodigious  number  and  volatility  of  the  beams, 
the  grand  admixture  of  all  the  prismatic  colours  in  their  utmost  splendour, 
variegating  the  glowing  canopy  with  the  most  luxuriant  and  enchanting 
scenery,  afforded  an  awful,  but  at  the  same  time  the  most  pleasing  and  sub- 
lime, spectacle  in  nature.  Every  one  gased  with  astonishment,  but  the 
uncommon  grandeur  of  the  scene  only  lasted  one  minute;  the  variety  of 
colours  disappeared,  and  the  bettms  lost  their  lateral  motion  and  were  con- 
verted into  the  flashing  radiations.  Notwithstanding  the  suddenness  of  the 
effulgence  at  the  breaking  out  of  the  aurora,  the're  was  a  remarkable 
regularity  in  the  manner.  Apparently  a  ball  of  fire  ran  along  from  east  to 
west,  with  a  velocity  so  dpreat  as  to  be  barely  distinguishable  from  one  con- 
tinued train,  which  kindled  up  the  several  rows  of  beams  one  after  another. 
These  rows  were  situated  before  each  other  with  the  exactest  order,  so  that 
the  base  of  each  row  formed  a  circle,  crossing  the  magnetic  meridian  at  right 
angles ;  and  the  several  circles  rose  one  above  another,  so  that  those  near 
the  zenith  appeared  more  distant  from  each  other  than  those  near  the 
horizon — a  certain  indication  that  the  real  distances  of  the  rows  were  nearly 
the  same.  The  aurora  continued  for  several  hours.  There  were  many 
meteors  (falling  stars,  as  they  are  commonly  called)  seen  at  the  same  time; 
but  they  appeared  to  be  below,  and  unconnected  with  the  aurora.' 

Whether  the  ^  magnetic  storms '  manifested  by  auroral  display 
share  with  electric  storms  the  phenomena  of  sound  as  well  as  of 
light,  appears  doubtful.  Naime,  Cavallo,  and  Heame,  at  the  mouth 
of  the  Copper  Mine  River,  and  Henderson,  in  Iceland,  each  heard 
'hissing  sounds/  which  they  regarded  as  connected  with  the 
aurora,  but  which  Wentzel  attributed  to  the  contracting  of  the 
snow  from  the  sudden  increase  of  cold.  Parry,  Franklin,  and 
Richardson,  who  have  seen  thousands  of  auroras  in  different  parts 
of  the  world,  never  heard  any  noise.  The  ?ietffht  of  the  aurora  is 
likewise  an  uncertain  point,  the  results  of  different  measurements 
giving  heights  varying  from  a  few  thousand  feet  to  several  miles. 
The  most  modern  observers  seem,  however,  disposed  to  place  the 
seat  of  the  phenomena  not  at  the  limits  of  the  atmosphere  but  in 
the  region  of  the  clouds,  and  they  even  believe  that  the  rays  of 
the  aurora  may  be  moved  to  and  fro  by  winds  and  currents  of 
air. 

Faraday  has  thrown  out  the  idea  that  aurora  may  be  connected 
with  currents  of  electricity  induced  by  the  earth's  rotation.  He 
says  {Ux.  Research j  p.  192) : — 

*  I  hardly  dare  venture,  even  in  the  most  hypothetical  form,  to  ask  whether 
the  aurora  borealis  and  australis  may  not  be  the  discharge  of  electricity 
thus  urged  towards  the  poles  of  the  earth,  from  whence  it  is  endeavour- 
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ing  to  return  by  natural  and  appointed  means  above  the  earth  to  the 
equatorial  regions.  The  non- occurrence  of  it  in  very  high  latitudes  is  not 
at  all  against  this  supposition ;  and  it  is  remarkable  that  Mr.  Fox,  who  ob- 
served the  deflections  of  the  magnetic  needle,  at  Falmouth,  by  the  aurora 
borealis,  gives  that  description  of  it  which  perfectly  agrees  with  the  present 
-view.  He  states  that  all  the  variations  at  n'ght  w^re  towards  the  east ;  and 
this  is  what  would  happen  if  electric  currents  were  setting  from  south  to 
north  in  the  earth  under  the  needle,  or  from  north  to  south  in  spheres  above  it.* 

(58)  Be  la  Rive's  Theory  of  tlie  Aurora. — (Phil  Mag. 
vol.  xxxiv.  p.  186).  It  is  founded  on  the  following  considerations  : 
— Atmospheric  electricity  has  its  origin  in  the  unequal  distribution 
of  temperature  in  the  strata  of  the  atmosphere  ;  positive  electricity 
proceeds  from  the  hot  part  of  a  body  to  the  cold,  negative  electricity 
moves  in  the  contrary  direction ;  hence  the  lower  column  of  the 
atmosphere  is  constantly  negative^  and  the  upper  column  positive.' 
The  difference  is  more  marked  in  our  latitudes  in  summer  than  in 
winter^  and  more  striking  in  general  in  the  equatorial  than  in  the 
polar  regions.  The  negative  state  of  the  lower  column  is  commu- 
nicated to  the  earth  on  which  it  rests,  and  thus  positive  electricity 
increases  with  the  height  of  the  atmosphere. 

The  opposite  electrical  states  of  the  upper  and  lower  regions  of 
the  air  undergo  neutralisation  when  the  tension  reaches  a  certain 
degree  of  energy,  by  humidity,  rain,  snow,  &c.  De  la  Rive  con- 
ceives that  at  the  polar  regions  the  positive  electricity  of  the 
atmosphere  combines  readily  with  the  negative  there  accumulated 
on  the  earth,  because  of  the  great  humidity  of  the  air  in  those 
regions  a  current  is  thus  formed ;  for  the  electricity  returns  by  the 
surface  of  the  earth  from  the  poles  to  the  lower  portion  of  the 
stratum,  from  whence  it  started.  The  current  is  from  south  to 
north  in  the  upper  regions  of  the  atmosphere^  and  from  north  to 
south  on  the  surface  of  the  earth.  The  same  takes  place  in  both 
hemispheres ;  consequently  for  an  observer,  travelling  from  north 
to  south,  the  current  would  proceed  in  the  same  direction  from 
the  north  pole  to  the  equator,  and  in  a  contrary  direction  from  the 
equator  to  the  pole. 

The  aurora  borealis,  M.  de  la  Kive  considers  to  he  the  luminous 
effects  of  these  currents  travelling  in  these  high  regions  towards 
the  north  pole,  and  thus  explains  the  phenomena.  When  the  sun, 
having pajised  into  the  southern  hemisphere,  no  longer  heats  so  much 
our  atmosphere,  d  Condensation  of  moisture,  in  the  form  of  ice  or 
snow,  takes  place  around  the  polar  regions,  and  electricity  is  hereby 
conducted  to  the  surface  of  the  earth  in  the  form  of  electric  dis- 
charges. When  clouds  are  partial,  halos  are  formed.  The  identity 
(he  observes^  between  the  light  of  the  aurora  and  electric  light  is 
proved  by  well-known  experiments.    The  light  produced  by  the 
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electric  discharge  in  highly  rarefied  but  purely  dry  air  is  very 
faint;  the  luminous  efi'ect  is,  however,  greatly  increased  when 
moisture  is  present. 

The  reason  why  these  phenomena  appear  at  the  magnetic  and 
not  at  the  terrestrial  pole,  is  illustrated  experimentally  by  De  la 
Rive  in  the  following  manner : — 

Place  the  pole  of  a  poweifiil  electro-magnet  underneath  the  surface  of 
mercury,  connected  with  the  negative  pole  of  a  powerful  galvanic  batterj', 
bring  over  and  near  it  the  positive  pole  armed  with  a  charcoal  point,  a 
voltaic  arc  is  formed,  and  the  mercur}'  is  agitated  above  the  magnet; 
luminous  currents  rotate  round  the  poU,  throwing  out  occasionaHN"-  brilliant 
rays.  There  is  always,  as  in  the  case  of  the  aurora  borealis,  a  dark  portion 
in  the  form  of  a  circular  point  over  the  pole  of  the  magnet.  With  a  con- 
tinuous current  of  an  ordinary  electricity  arriving  at  the  pole  of  a  powerful 
electro-magnet  in  moist  rarefied  air,  luminous  effects  still  more  similar  to 
those  of  the  aurora  borealis  are  obtained.  These  phenomena  result  from  the 
action  of  magnets  on  currents,  and  the  same  should  apply  to  the  action  of 
the  magnetic  pole  of  the  earth. 

(59)  Tlie  Aurora  a  Magnetic  Pbenomenon. — Recent  experi- 
ments have  failed  to  show  a  connection  between  polar  light  and 
atmospheric  electricity,  since  during  the  finest  auroree  no  change 
has  been  detected  in  very  sensitive  electrometers.  On  the  other 
hand  (observes  Humboldt)  all  the  three  manifestations  of  terrestrial 
magnetism,  the  declination,  the  inclination,  and  force,  are  affected  in 
a  very  seiisible  manner,  the  same  end  of  the  needle  being  sometimes 
attracted  and  sometimes  repelled  in  the  course  of  the  same  night. 

The  luminous  phenomenon  is  regarded  by  Humboldt  as  the 
restoration  of  the  equilibrium  temporarily  disturbed ;  the  termina- 
tion of  a  magnetic  storm  and  the  effect  on  the  needle  varies  with 
the  intensity  of  the  discharge.  The  aurora  is  not  to  be  regarded 
as  the  cause  of  the  magnetic  perturbation,  but  as  the  result  of  a 
state  of  '  electric  activity '  excited  to  the  production  of  a  luminous 
phenomenon ;  an  activity  which  manifests  itself  on  the  one  hand 
by  the  fluctuations  of  the  needle,  and  on  the  other  by  the  appear- 
ance of  a  brilliant  auroral  light. 

A  great  difference  between  an  electrical  and  a  fnaynetic  storm  is, 
that  the  former  is  usually  confined  to  a  small  space,  beyond  which 
the  state  of  the  electricity  in  the  atmosphere  remains  imchanged ; 
the  latter,  on  the  other  hand,  manifests  its  influence  on  the  march 
of  the  needle  over  large  portions  of  continents,*  and  far  from  the 
place  where  the  evolution  of  light  is  visible.  *  That  the  aurora,' 
says  Humboldt,  ^s  a  magnetic  phenomenon  has,  by  Faraday's 
brilliant  discovery  of  the  evolution  of  light  by  the  action  of  mag- 
netic forces,  been  raised  from  a  mere  conjecture  to  an  experimental 
certainty.     The  fact  which  gives  to  the  phenomenon  its  greatest 
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importance  is  that  the  earth  becomes  self-luminous ;  that  besides 
the  light  which  as  a  planet  it  receives  from  the  central  body,  it 
shows  a  capability  of  sustaining  a  luminous  process  proper  to  itself, 
and  this,  going  on  almost  uninterruptedly  in  the  polar  regions,  leads 
us  by  analogy  to  the  remarkable  phenomenon  presented  by  Venus 
when  the  portion  of  that  planet  not  illuminated  by  the  sun  is  seen 
to  shine  with  a  phosphorescent  light  of  its  own.' 

(60)  Action  of  jfLtmospberio  Blectrioity  on  tlie  'Wireu  of 
tbe  Bleotric  Telegrrapb. — According  to  the  observations  of  Pro- 
fessor Henry  of  Philadelphia  (Phil.  Mag.  vol.  xxx.  p.  186),  the 
wires  of  the  telegraph  ai%  struck  by  a  direct  discharge  of  lightniog, 
which  is  seen  coursing  along  the  wire  in  a  stream  of  light,  some- 
times passing  with  explasions  resembling  the  reports  of  rifles  down 
the  poles  in  succession.  These  lateral  explosions  are  referred  to  the 
charge  of  the  surface  of  the  wire,  by  a  wave  of  the  fluid,  during 
the  transmission  of  the  electricity,  which  tends  to  give  ofi*  sparks 
to  neighbouring  bodies  like  the  conductor  of  a  machine.  The  dis- 
charge from  the  clouds  does  not  generally  consist  of  a  simple  wave 
of  electricity,  but  of  a  number  of  discharges  in  rapid  succession 
along  the  same  path,  whence  the  wire  of  the  telegraph  is  capable 
of  transmitting  an  immense  quantity  of  the  fluid  thus  distributed 
over  a  great  length  of  the  conductor.  Henry  thinks  that  when  the 
discharge  takes  place,  a  disturbance  of  the  electncRl  plenum  exist- 
ing throughout  all  electrical  space  occurs,  the  state  of  rest  being 
attained  by  a  series  of  diminishing  oscillations  or  waves,  which  by 
their  reflections  enhance  the  tendency  of  the  fluid  to  fly  from  the 
conductor. 

The  natural  state  of  the  telegraph  wire  may  be  disturbed  with- 
out the  presence  of  a  thundercloud,  by  the  passage  of  currents  of 
electricity  from  one  portion  of  space  to  another,  the  electrical  con- 
dition of  the  atmosphere  surrounding  the  wire  at  one  place  being 
different  from  that  at  another.  A  difference  of  elevation  will  do 
this,  as  kite  experiments  abundantly  testify,  so  that  if  the  line  of 
telegraph  pass  over  an  elevated  mountain  ridge,  there  will  be  con- 
tinually, even  during  clear  weather,  a  current  from  the  more 
elevated  to  the  lower  points  of  the  conductor.  Vapour,  fog,  snow, 
or  rain  at  one  end  of  the  wire  and  not  at  the  other,  may  likewise 
determine  currents  of  electricity  of  sufficient  power  to  set  the 
working  machine  of  the  telegraph  in  action.  The  natural  elec- 
tricity of  the  telegraph  wire  may  even  be  disturbed  by  the  induc- 
tion of  a  distant  cloud  moving  first  towards  and  then  from  the 
wire,  though  such  currents  would  be  feeble. 

A  fruitful  source  of  disturbance  of  the  needle  is  the  powerful 
currents  produced  by  induction  by  flashes  of  lightning  occurring 
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perhaps  many  miles  off.  That  discharges  from  electricity  accumu- 
lated in  the  Leyden  jar  are  competent  to  induce  secondary  and  even 
tertiary  and  quaternary  currents  in  vicinal  conductors,  is  demon- 
strated by  the  following  experiment,  first  made  by  Professor  Henry. 
Round  a  hollow  glass  cylinder,  a  (Fig.  76),  of  about  six  inches  in 
diameter,  is  pasted  spirally  a  narrow  ribbon  of  tin-foil  about  tl^irty  feet 
long,  and  a  similar  ribbon  of  the  same  length  is  pasted  on  the  inside,  so  that 
the  corresponding  spires  of  each  are  directly  opposite  each  other.  The  ends 
of  the  inner  spiral  pass  out  of  the  cylinder  through  a  glass  tube,  in  order  to 
prevent  all  direct  communication  between  the  two.    When  the  ends  of  the 

Fig.  76.  -^ 


inner  ribbon  are  joined  by  the  magnetising  spiral  c,  containing  a  needle,  and 
a  discharge  from  a  half  gallon  jar  sent  through  the  outer  ribbon,  the  needle 
is  strongly  magnetised  in  such  a  manner  as  to  indicate  an  induced  current 
through  the  inner  ribbon  in  the  same  direction  as  that  of  the  current  of  the 
jar.  If  a  second  cylinder,  similarly  prepared,  be  added,  a  tertiary  current  is 
induced  in  the  inner  ribbon  of  the  second ;  and  by  the  addition  of  a  third 
cylinder,  a  current  of  the  fourth  order  may  be  developed. 

Another  instructive  method  of  demonstrating  the  development 
of  secondary  or  induction  currents  by  the  discharge  of  a  Leyden 
jar  or  battery  is  the  following,  which  is  the  arrangement  of 
Matteucci ; — 

Fig.  77. 


A  and  B  (Fig.  77)  are  discs  of  glass  or  gutta  percha  fixed  vertically  in 
metallic  frames,  and  supported  on  insulated  stands.  They  are  about  a  foot 
in  diameter.  On  one  face  of  each  is  wound  spirally,  commencing  from  the 
centre,  a  long  and  well  insulated  copper  wire,  about  one-tenth  of  an  inch  in 
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diameter ;  the  ends  of  the  wire  pass  through  the  disc  at  the  centre,  and  near 
to  the  circumference,  and  are  there  terminated  by  binding  screws,  a  is 
brought  into  tne  circuit  of  the  jur  or  battery  through  a  Lane's  discharger, 
and  the  wired  face  of  b  brought  close  to  it:  ever^.'  time  the  jar  discharges,  a 
shock  of  greater  or  less  intensity,  accoidingto  the  interval  between  the  discs, 
is  experienced  by  a  person  grasping  the  handles  h  h.  The  spirals  should  be 
laid  symmetrically  on  the  discs,  and  the  wire,  after  being  well  covered  with 
silk,  should  be  thickly  covered  with  gum  lac. 

Henry  sent  sparks  from  an  electrical  machine  through  a  paral'- 
lelogram  of  about  sixty  feet  by  thirty  of  copper  wire,  suspended 
by  silk  strings  round  the  ceiling  of  a  room ;  a  current  was  induced 
in  a  second  similar  parallelogram  placed  immediately  below  the 
first  in  the  cellar  of  the  building,  through  twofioors^  and  thirty  feet 
digtant,  sufficiently  powerful  to  magnetise  needles. 

That  similar  effects  may  be  produced  by  atmospheric  electricity, 
was  proved  by  soldering  a  wire  to  the  metallic  roof  of  the  house 
and  passing  the  other  end  down  into  a  well.  At  every  flash  of 
lightning  a  series  of  currents  in  alternate  directions  was  produced 
in  the  wire.  Sparks  have  indeed  been  seen  on  the  railroad  itself, 
at  the  breaks  of  the  continuity  of  the  rail,  with  every  flash  of  a 
distant  thundercloud.  Every  discharge  in  the  heavens  must 
therefore  produce  inductive  effects  to  a  greater  or  less  degree  in  the 
telegraph  wires.  In  the  Telegraph  Office  at  Philadelphia,  Henry 
observed  sparks  passing  from  the  wire  to  a  metallic  surface  in  con- 
nection with  the  earth  through  nearly  an  inch,  during  the  raging 
of  a  storm  at  Washington ;  such,  indeed,  was  the  quantity  and 
intensity  of  the  current,  that  the  needle  of  an  ordinary  vertical 
galvanometer  with  a  short  wire,  and  not  by  any  means  sensible, 
was  moved  l)y  it  several  degrees ;  its  pungency  was  also  very  great. 
It  is  well  known  that  small  birds  have  sometimes  been  found 
banging  by  their  claws  dead  from  the  wire,  having  probably  been 
kill«i  by  one  of  these  inductive  discharges. 

'More  damage,'  observes  Mr.  Highton  (The  Electric  Telegraph, 
p.  11),  'is  often  done  to  the  telegraph  in  a  single  second  by  a  single 
thunderstorm,  than  by  all  the  mischievous  acts  of  malicious  persons 
m  a  whole  year.  Posts  are  split  in  pieces,  coils  of  wire  are  fused, 
needles  are  demagnetised,  and  permanent  magnetism  given  to  soft 
iron  electro-magnets.' 

In  the  year  1846,  the  electric  telegraph  on  the  St.  Germain's 
Railway  waa  visited  by  an  attack  of  atmospheric  electricity,  the 
following  account  of  which  was  communicated  by  M.  Breguet  to 
M.  Arago  (Year  Book  of  Fa<:i8,  1846)  : — 

'About  five  o'clock  in  the  ailemoon,  during  a  heavy  fall  of  rain,  the  bells 
of  the  electric  telegraph  at  Le  Yesitret  began  to  ring,  which  led  the  at- 
tendant to  suppose  that  he  was  about  to  receive  a  communication.    Several 
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letters  then  made  their  appearance,  but  finding  they  conveyed  no  meaning, 
he  was  about  to  make  the  signal  *  Not  understood,*  when  suddenly  he  heard 
an  explosion  similar  to  a  loud  pistol-shot,  and  at  the  same  time  a  vivid  flash 
of  light  was  seen  to  run  along  the  conductors  placed  against  the  sides  of  the 
shed.  The  conductors  were  broken  into  fragments,  their  edges  being  fused. 
The  wires  of  several  electro-magnets  were  also  broken ;  and  the  attendant 
who  was  holding  the  handle  which  moves  the  needle,  sustained  all  over  the 
body  a  violent  concussion ;  several  workmen  standing  about  him  also  ex- 
perienced severe  shocks.  At  the  other  end  of  the  line,  at  the  Paris  station, 
nothing  was  broken,  and  nothing  remarkable  occurred,  excepting  that 
several  of  the  bells  were  heard  to  ring.* 

At  the  Oundle  Station  of  the  London  and  North-Western  Rail- 
way, considerable  mischief  was  done  in  1846,  several  of  the  coils 
being  burst  open,  and  the  wires  fused :  and  at  the  Chatham  Sta- 
tion on  the  South-Eastem  Railway,  a  flash  of  lightning  destroyed, 
in  August  1849,  ^^®  ^^®  ^^  *^®  bell-coil  and  both  the  galvano- 
meter coils.  In  India,  which  is  occasionally  visited  vnth  storms  of 
lightning  such  as  we  seldom  witness  in  this  country,  the  damage 
done  is  often  much  more  severe ;  and  in  America  the  disastrous 
consequences  resulting  from  the  same  cause  soon  after  the  establish- 
ment of  the  first  line  of  telegraph  by  Morse,  in  1844,  rendered 
it  imperatively  necessary  to  devise  some  means  for  the  protection 
of  the  wire. 

According  to  the  observations  of  M.  Baumgartner  {Revtie  Scien- 
ti/ique,  Dec.  1849),  the  direction  of  the  atmospheric  electric  currents 
along  the  telegraph  wires  is  from  Vienna  to  Sommering  during 
the  day,  and  inverse  during  the  night,  the  change  of  direction 
taking  place  after  the  rising  and  setting  of  the  sun.  The  regular 
current  is  less  disturbed  by  irregular  currents  when  the  air  is  dry 
and  the  sky  serene  than  when  the  weather  is  rainy,  and  the  current 
is  more  intense  with  short  than  with  long  conductors.  WJien  the 
sky  is  cloudy  and  the  weatKer  stormy,  currents  are  observed  suffi- 
ciently intense  to  affect  the  telegraphic  indicators,  and  the  action 
is  stronger  on  the  approach  of  a  storm. 

Mr.  Barlow  has  also  made  some  curious  observations  on  the 
direction  of  the  disturbance  of  the  telegraph  needle.  He  found 
(PhU.  Mag.  vol.  xxxiv.  p.  344)  that  in  telegraphs  proceeding 
northerly  and  north-easterly,  i.e.  from  Derby  N.  towards  Leeds, 
and  from  Derby  NE.  towards  Lincoln,  the  direction  of  the  dis- 
turbance was  always  contrary  to  those  proceeding  southerly  and 
south-westerly,  e.g.  from  Derby  S.  towards  Rugby,  and  from 
Rugby  SW.  to  Birmingham.  He  found .  currents  at  all  times 
perceptible  in  telegraph  vdres  between  two  earth  conductors,  but 
not  so  if  the  wires  have  no  earth  connection ;  that  the  changes  of 
force  and  direction  were  simultaneous  at  both  ends  of  a  wire  forty 
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miles  long,  the  current  passing  direct  from  one  earth  connection  to 
the  other ;  that  there  is  a  daily  movement  of  the  galvanometer 
needle,  similar  to  that  of  the  horizontal  magnetic  needle,  produced 
by  the  electric  currents  travelling  in  one  direction  from  8  a.m.  to 
8  P.M.,  and  returning  in  the  opposite  direction  during  the  remainder 
of  the  twenty-four  hours;  the  movement  of  the  galvanometer 
needle  being  subject  to  disturbances  which  are  the  greatest  duiing 
the  prevalence  of  aurorce  ;  that  the  direction  in  which  these  cur- 
rents alternate  is  from  NE.  to  SW.,  the  effect  not  depending  on 
the  direction  of  the  wire  itself,  but  on  the  relative  direction  ^f  the 
two  earth  connections. 

Barlow  made  simultaneous  observations  with  the  galvanometer 
and  a  declinometer  needle,  from  which  it  appeared  that  taking  the 
mean  of  many  observations,  that  part  of  the  day  in  which  the  cur- 
rents flow  S.  (i.e.  from  8  or  9  a.m.  till  evening)  the  variation  of 
the  declinometer  needle  is  W.,  and  that  during  the  night  and 
early  in  the  morning,  at  which  time  the  currents  travel  N.,  the 
variation  is  E.,  also  that  those  large  disturbances  called  magnetic 
storms  are  simultaneous  on  both  instruments.  Barlow  attributes 
these  currents  to  thermo-electric  action  in  the  crust  of  the  earth, 
while  De  la  Rive  considers  them  to  originate  in  the  atmosphere. 

The  extraordinary  influence  of  the  aurora  borealis  on  the  needle, 
and  sometimes  even  on  the  bells  of  the  electric  telegraph,  is  thus 
noticed  by  Walker  {Electric  Telegraph  Manipulation) : — 

*  At  such  times  needles  move  just  as  if  a  good  working  current  were  pur- 
suing its  ordinary  course  along  the  wires.  They  are  deflected  this  way  or 
that,  at  times  with  a  quick  motion,  and  changing  rapidly  from  side  to  side 
many  times  in  a  few  seconds ;  and  at  other  times  moving  more  slowly,  and 
remaining  deflected  for  many  minutes,  with  greater  or  less  intensity,  their 
motions  being  inconstant  and  uncertain.  These  phenomena  have  occurred 
less  frequently  on  the  part  of  the  line  between  Reigate  and  Dover,  which 
runs  nearlj'  E.  and  W.,  than  on  the  part  between  London  ard  Reigate,  which 
runs  nearly  N.  and  S.  When,  however,  they  do  make  their  appearance  on 
the  telegraph  in  those  parts,  we  are  prepared  to  expect  auroral  manifesta- 
tions when  night  arrives,  and  we  are  rarely  disappointed.  The  deflections  in 
their  variations  appear  to  coincide  with  the  various  phases  of  the  aurora. 
On  the  branch  line  running  from  Asbford  to  Ramsgate,  these  deflections 
have  been  a  much  more  common  occurrence,  even  when  the  parts  of  the 
line  were  unafl^ected,  and  when  no  auroral  phenomena  were  noticed.  This 
branch  nearly  coincides  with  the  curve  of  equal  dip.  A  dipping  needle  in- 
clines downward  to  the  same  angle  at  all  places  along  this  curve.  Whether 
there  is  any  relation  between  these  two  facts  remains  to  be  investigated.  .  . 
The  needles  are  also  subject  to  feeble  secular  deflections  corresponding  with 
certain  hours  of  the  day.  The  wires  also  at  times  collect  electricity  from 
the  atmosphere  and  aflect  the  needles.* 

In  France  two  brilliant  auroras  occurred  on  the  29th  of  August 
and  on  the  ist  of  September  1859  j  both  acted  powerfully  on  the 
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wires  of  tlie  electric  telegraph ;  the  alarums  were  for  a  long  time 
violently  rung,  and  despatches  were  frequently  interrupted  by  the 
spontaneous  working  of  the  apparatus. 

(6i)  Paratonnerres  or  Xtiffbtninff  Condnistors  for  tlie 
Protectioii  of  Telesrapb  Ziines. — Various  forms  of  conductor 
have  been  invented  and  adopted.  Mr.  Highton's  plan,  which  he 
states  to  be  very  effectual,  is  very  simple.  The  wire  is  surrounded 
for  six  or  eight  inches  before  it  enters  a  telegraph  instrument  with 
bibulous  or  blotting  paper,  and  passes  through  a  deal  box  lined 
with  tin  plate  in  connection  with  the  earth— the  box  is  then  filled 
with  iron  filings.  When  a  flash  of  lightning  happens  to  be  inter- 
cepted by  the  wires  of  the  telegraph,  the  myriads  of  infinitesimally 
fine  points  of  metal  in  the  filings  surroundmg  the  wire  and  having 
connection  with  the  earth,  at  once  draw  off  the  whole  charge  of 
lightning  and  direct  it  to  the  earth,  and  thus  the  telegraph  instru- 
ment will  be  protected  from  damage,  even  during  the  most  fearful 
thunderstorms  that  may  occur. 

Mr.  C.  V.  Walker's  'protector '  consists  of  a  small  hollow  metal 
cylinder  connected  with  the  earth.  The  line  wire  in  its  passage 
from  the  railway  to  the  telegraph  passes  through  this  cylinder, 
traversing  which  it  is  first  presented  to  the  inner  surface  in  the 
form  of  a  thick  wire  furnished  with  spurs  whose  points  are  in  the 
closest  possible  proximity  to  the  cylinder  without  being  in  actual 
contact ;  it  is  then  continued  on  and  presented  as  a  short  coil  of 
very  fine  wire  wound  on.  a  bobbin,  the  outer  convolution  of  the  coil 
being  very  close  to  the  cylinder. 

This  instrament  is  shown  in  Fig.  78.    The  line  wire  is  attached  at  c,  the 
instrument  at  </,  and  there  is  a  complete  metallic  connection  between  these 
points  to  the  screw  e,  and  the  very  fine  wire  wound 
Fig.  78.  on  ^ ;  A  is  a  cylinder  of  brass,  iasolated  from  the  line 

wire  by  boxwood,  and  in  communication  with  the 
earth  at  e.  The  metal  points  at/  ar  y  allow  the  at- 
mospheric electricity  to  escape  to  the  outer  cylinder, 
and  so  to  the  earth,  while  the  very  fine  wire  on  g 
must  be  fused  before  the  coarser  wire  in  the  instru- 
ment can  suffer. 

Breguet*s  paratonnerre,  which  Is  much  used  on  the 
French  telegraph  lines,  is  shown  in  Fig.  79.  The  line 
wire  is  connected  with  a  very  fine  iron  wire  placed  in 
a  glass  tube,  capped  at  both  enda  with  brass,  and 
screwed  on  to  a  board.  To  the  side  of  one  of  the  brass 
caps  is  fastened  a  serrated  piece  of  metal  b.  imme- 
diately opposite,  and  as  close  as  possible,  to  which  ia  a 
similar  serrated  piece  of  metal  c,  in  communication 
with  the  earth  by  the  wire  e  ;  so  that  if  the  wire  of  the 
line  should  become  charged  with  atmoapheric  elec- 
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tricity,  it  may  dischar^  itself  by  these  points  to  the  earth ;  and  in  the  event 
of  a  flash  of  lightning  striking  the  line  wire,  the  thin  wire  A  would  be  fused, 
and  the  telegraph  instrument  protected. 

Fig.  79- 


On  the  Brunswick  State  Telegraphs,  the  main  wire,  well  protec- 
ted by  gutta  percha,  is  passed  through  pipes  underground,  and 
fastened  to  a  copper  plate  in  the  telegraph-room.  From  this  plate 
a  small  insulated  wire  is  extended  to  the  signalling  instrument, 
and  through  the  battery  to  a  second  copper  plate  in  connection 
with  the  earth.  The  two  copper  plates  are  insulated  from  each 
other  by  pieces  of  ivory.  The  two  thin  wires,  which  are  covered 
with  silk,  are  twisted  together,  but  separated  near  the  telegraph 
apparatus,  to  the  screws  of  which  they  are  attached.  The  galvanic 
current  passes  through  the  main  wire  to  the  first  plate,  through 
the  thin  wire  to  the  apparatus  and  electro  magnet,  through  this 
to  the  galvanic  battery  and  the  second  plate,  over  this  to  a  stronger 
insulated  wire  to  the  ground,  making  a  perfect  circuit.  But  a 
discharge  of  atmospheric  electricity  would  pass  between  the  two 
copper  plates  rather  than  through  long  thin  wires,  and  the  tele- 
graphic apparatus  is  thus  effectually  protected. 


Fig.  80. 


Fig.  81. 


Other  lightning  protectors,  much  used  in  America,  are  shown  in  Figs.  80 
and  81,  the  latter  being  intended  for  an  intermediate  station.     The  two 
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brass  plates  in  Fig.  80  are  about  2^  inches  in  diameter,  and  JL  inch 
thick ;  they  are  insulated  from  one  another  by  strips  of  gutta  percha.  Tlie 
upper  plate  is  in  connection  with  the  line  wire  and  the  instrument  by 
means  of  the  two  terminals  a  b.  I1ie  lower  plate  is  in  communication  with 
the  earth.  If  lightning  enters  the  station  by  the  line  wire,  it  leaps  to  the 
lower  plate  and  passes  to  the  earth,  and  the  instruments  are  in  safety.  Tlte 
instrument  shown  in  Fig.  81,  acts  as  a  communicator  as  well  as  a  lightning 
protector.  By  means  of  the  metal  plug  c,  and  the  holes  124,  the  line  wire 
on  either  or  both  sides  of  the  station  can  be  put  in  connection  with  the  earth, 
or  a  thorough  passage  can  be  opened  to  the  current  without  its  influencing 
the  instrument  at  the  station,  by  placing  the  plug  at  3  This  will  be  evident 
from  the  figure,  the  plate  £  q  f  being  in  connection  with  the  line  wire  enter- 
ing one  side  of  the  station  and  one  terminal  of  the  instrument^and  l'  v'  f' 
being  connected  with  the  other  side  of  the  Instrument,  and  the  other  line 
wire  F  B  p,  insulated  from  these  plates  by  a  strip  of  paper,  is  in  connectiou 
with  the  earth ;  u  also  is  connected  with  the  earth. 

(62)  mrbat  Is  Atmospberio  Bleotrlcity  t — Ts  it  electricity  of 
the  earth,  or  electricity  of  the  air,  or  electricity  of  watery  or  other 
particles  in  the  air  ? 

Professor  Thomson  {Proceedings  of  the  Royallnstitution,  May  18, 
i860)  does  not  agree  with  Peltier  in  regarding  the  earth  as  a  resi- 
nously  charged  conductor  insulated  in  space,  and  subject  only  to 
accidental  influences  from  temporary  electric  deposits  in  clouds  or 
air  around  it  ,*  because  although  it  is  true  that  in  severe  weather 
the  earth's  surface  is  generally  found  to  be  negatively  electrified, 
and  although  the  earth  is  insulated  in  its  atmospheric  envelope, 
being  in  fact  a  conductor  touched  only  by  air  (a  strong  insulator), 
it  is  to  be  remarked  that  air  when  highly  rarefied  becomes  weak 
in  its  resistance  to  the  transference  of  electricity  through  it,  and 
begins  to  appear  rather  as  a  conductor  than  as  an  insulator,  so  that 
at  a  distance  of  one  hundred  miles  or  upwards  from  the  earth's 
surface,  the  air  in  space  cannot  in  all  probability  have .  resisting 
power  enough  to  bear  any  such  electric  force,  as  those  which  we 
find  even  in  serene  weather  in  the  lower  strata,  and  there  must 
always  be  essentially  in  the  higher  aerial  regions  a  distribution 
arising  from  the  self-relief  by  the  outer  highly  rarefied  air  by  dis- 
ruptive discharges. 

Thomson  considers  that  this  electric  stratum  must  constitute 
very  nearly  the  electropolar  complement  to  all  the  electricity 
that  exists  on  the  earth's  surface,  and  in  the  lower  strata  of  the 
atmosphere. 

The  quality  of  non-resistance  to  electric  force  of  the  thin  inter- 
planetary air  being  considered,  the  earth,  its  atmosphere,  and  the 
surrounding  medium  may  be  regarded  as  constituting  respectively 
the  inner  coating,  the  dielectric,  and  the  outer  coating  of  a  large 
Leyden  phial  charged  negatively. 

The  methods  employed  for  collecting  atmospheric  electricity 
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(burning  match,  dropping  water),  give  the  '  electric  potential '  of 
the  air  at  the  point  occupied  by  the  burning  match  or  by  the  por- 
tion of  the  stream  of  water  where  it  breaks  into  drops.  If  the 
apparatus  be  used  in  an  open  plane,  and  if  care  be  taken  to  elimi- 
nate all  disturbing  influences,  the  effect  as  indicated  by  the  electro- 
meter, if  expressed  in  absolute  electrostatic  measure,  and  divided 
by  the  height  of  the  point  'tested  above  the  ground,  has  only  to  be 
divided  by  four  times  the  ratio  of  the  circumference  to  its  diameter 
to  reduce  it  to  an  expression  of  the  number  of  units  in  absolute 
electrostatic  measure  of  the  electricity  per  unit  of  area  of  the  earth's 
surface  at  the  time  and  place. 

The  most  convenient  and  intelligible  way  of  stating  the  result 
of  an  observation  of  terrestrial  atmospheric  electricity  in  absolute 
measure  is  in  the  terms  of  the  number  of  elements  of  a  constant 
galvanic  battery  required  to  produce  the  same  difference  of  poten- 
tials as  exists  between  the  earth  and  a  point  in  the  air  at  a  stated 
height  above  an  open  level  plane  of  ground. 

Attempts  have  been  made  hitherto  without  success  to  determine 
whether  the  particles  of  rain,  hail,  and  snow  in  falling  through  the 
air  possess  absolute  charges  of  electricity ;  but  Thomson  thinks 
that  by  proper  attention  to  insulation,  and  taking  proper  means  to 
obviate  the  disturbing  influences  of  induction,  these  interesting 
questions  may  be  solved. 

There  can  be  no  doubt  that  electric  indications,  when  sufficiently 
studied,  will  be  found  important  additions  to  our  means  for  prog- 
nosticating the  weather.  Prior  Ceca,  in  1775,  gave  the  following 
reply  to  a  question  put  to  him  by  Beccaria,  concerning  the  state  of 
electricity  when  the  weather  clears  up : — 

'If/  said  the  Prior,  'when  the  rain  has  ceased,  strong  ponYioe  electricity 
obtains,  it  is  a  sign  that  the  weather  will  continue  fair  for  several  days ;  if 
the  electricity  is  but  small,  it  is  a  sign  that  such  weather  will  not  last  so 
much  as  that  whole  day,  and  that  it  will  soon  be  cloudy  again,  or  even  will 
again  rain.' 

This  rule  as  to  the  '  electricity  of  clearing  weather  *  has  been 
found  frequently  confirmed  by  Professor  Thomson,  and  he  looks 
forward  to  an  early  period  when  the  atmospheric  electrometer  will 
be  as  generally  adopted  as  a  useful  and  convenient  weather- 
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MAGNETISM. 


Natural  and  Artificial  Magnets — General  Principles  of  Magnetic  Action — 
Magnetic  Batteries — Laws  of  Magnetic  Force — Terrestrial  Magnetism — 
The  Land  and  Mariner's  Compass — The  Inclination  and  the  Declination 
Magnet — The  Variation  of  the  Magnetic  Needle — Terrestrial  Magnetic 
Intensity — Magnetic  Storms. 

(63)  Tbe  XTative  Magnet  or  xratural  Xioadstone.— This  is 

an  ore  of  iron  consisting  chiefly  of  the  two  oxides  of  that  metal, 
with  a  smaU  proportion  of  quartz  and  alumina.  It  is  found  in  con- 
siderable masses  in  the  iron  mines  of  Sweden  and  Norway,  and  has 
been  met  with  occasionally  in  the  iron  mines  of  England. 

If  we  immerse  a  loadstone,  no  matter  of  what  shape,  in  a  quan- 
tity of  clean  iron  filings,  the  filings  will  be  observed  to  accumulate 
on  two  points  exactly  opposite  each  other,  assuming  the  form 
shown  in  Fig.  82 ;  these  points  are  called  the  poles  of  the  load- 
stone. If  we  balance  a  small  needle  of  iron  on  a  pivot,  and  bring 
it  near  either  of  these  poles,  we  shall  find  that  it  will  be  attracted 
to  it  J  or  conversely,  we  may  suspend  the  loadstone  by  a  fine  fibre, 
and  bring  into  the  vicinity  of  its  poles  a  piece  of  soft  iron,  the 
loadstone  will  be  attracted  towards  the  iron. 

Fig.  82. 


The  power  of  the  native  magnet  is  greatly  increased  by  adapting 
two  pieces  of  flat  soft  iron  to  its  poles,  and  enclosing  it  in  a  silver 
or  brass  case,  as  shown  in  Fig.  83,  where  A  is  the  loadstone  j  b  b 
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the  two  pieces  of  soft  iron,  tlie  lower  ends  turning  inwards ;  e  c 
bars  of  copper  to  fasten  the  loadstone  in  its  case,  and  b  a  ring  in- 
serted in  the  top  of  the  box  for  the  purpose  of  suspension. 

(64)  Tbe  Artificial  nCavnet. — If  a  small  bar  of  well-hardened 
steel  be  drawn  a  few  times  across  the  poles  of  an  armed  loadstone^ 
taking  care  not  to  remove  the  bar  from  either  extremity  of  the 
latter^  and  to  terminate  the  operation  when  its  extremities  are 
equidistant  from  either  pole,  it  will  be  found  to  have  acquired 
magnetic  properties.  For  magnetising  larger  bars,  a  great  number 
of  processes  have  been  invented. 

I.  Knighfs  Method,— The  bar  «  n  (Fig.  84)  is  placed  under  the  poles  n  s  of 
two  equal  magnets;  the  latter  are  then  separated  and  moved  slowly  in 

Fig.  84. 
A  ^rs  A 


^ 


opposite  directions  s  a,  n  a,  this  operation  is  repeated  several  times,  when 
the  bar  will  have  acquired  all  the  magnetism  it  is  capable  of  receiving. 
Scoresby  placed  the  bar  to  be  magnetised  tibove  the  magnets,  repeating  the 
process  about  six  times  on  each  side  of  the  bar. 

2.  DuhameCg  Method, — The  bars  to  be  magnetised  are  placed  parallel  to  each 
other,  and  their  extremities  united  by  two  pieces,  m  m  of  soft  iron  (Fig.  85). 


Fig.  85. 


The  inducing  magnets  a  a',  which  are  either  strong  single  bars,  or  bundles 
.of  smaller  magnets,  are  placed,  as  in  the  figure,  on  one  of  the  bars  to  be 
magnetised ;  they  are  then  separated  from  each  other  ^R  in  Knight's  method ; 
the  same  is  repeated  on  the  other  bar,  and  continued  alternately  on  both  till 
tbe  magnetism  is  supposed  to  be  completely  developed  on  both  bars.  When 
the  second  bar  is  being  operated  upon,  the  disposition  of  the  poles  of  the 
inducing  magnets  must  of  course  be  reversed. 

3.  MitehdCg  Method. — This  is  called  the  method  of  double  touch.    Four  or 
five  equal  steel  bars  are  placed  in  the  same  straight  line ;  two  bundles  of 
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magnets  a  a'  (Fig.  86)  are  joined  together  at  a  distance  of  one  fourth  of 
an  inch,  their  opposite  poles  being  together ;  the  double  bundle  is  then  placed 
upon  the  middle  of  the  centre  bar  b,  and  moved  backwards  and  forwards 
throughout  the  entire  length  of  the  line  of  bars,  repeating  the  operation  on 


Fig.  86. 


each  side  till  the  greatest  possible  effect  is  produced.  A  powerful  horseshoe 
magnet  may  be  substituted  for  the  double  bundle  of  straight  magnets  in  this 
process. 

4.  Cotdomh^i  Method. — Fixed  and  moving  bundles  of  magnets  are  em- 
ployed. The  bar  to  be  magnetised  is  laid  between  the  two  fixed  bundles 
M  N  (Fig.  87),  with  its  ends  resting  on  two  projecting  pieces  of  iron.    The 


two  bundles  of  inducing  magnets  a  a'  are  placed  in  the  centre  of  the  bar  at 
an  angle  of  20P  or  30°,  their  opposite  poles  being  separated  by  a  small  piece 
of  wood  or  copper  one  fifth  of  an  inch  wide.  They  are  then  moved  succes- 
sively from  the  centre  to  each  extremity  of  the  bar  b  b  several  times,  taking 
care  to  finish  the  operation  when  the  united  poles  are  in  the  centre  of  the 
bar.    The  same  operation  is  repeated  on  the  other  side. 

5.  Epinug's  Method, — If  the  bars  to  be  magnetised  have  a  horseshoe  form» 
which  is  very  convenient  when  both  poles  are  required  to  act  together,  they 
are  laid  together  as  in  Fig.  88,  the  ends  which  are  intended  to  be  contrary 
poles  being  placed  in  contact,  a  powerful  horseshoe  magnet  is  then  placed 
with  its  north  pole  next  to  that  which  is  to  be  the  south  pole  of  one  of  the 
horseshoe  bars,  and  then  carried  round  and  round,  but  always  in  the  same 
direction.  The  bars  are  then  turned  over,  and  the  process  repeated,  till  a 
high  degree  of  power  has  been  imparted  to  them.    Several  precisely  similar 
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bars,  when  thus  magnetised,  may  be  united  together  by  screws  v  v'  (Fig. 
89),  and  thus  constitute  a  powerful  magnetic  battery. 

Fig.'  88. 


6.  By  the  VciUaic  CWrr«n/.  ~  About  25  feet  of  Fig.  89. 

well  insulated  copper  wire  are  wound  so  as  to 
form  a  hollow,  very  short,  but  thick  cylinder 
(Fig.  90).  A  current  from  a  strong  Voltaic 
pair  is  passed  through  the  wire,  and  the  steel 
bar  to  be  magnetised  is  placed  in  the  cylinder,  in 
which  it  is  moved  up  and  down  to  the  very  ends. 
When  the  central  portion  of  the  steel  bar  again 
occupies  the  cylinder,  the  circuit  is  opened,  and 
the  bar,  which  is  now  perfectly  magnetised,  is 
withdrawn. 

When  the  bar  is  curved  in  the  form  of  a  horse- 
shoe, it  is  well  to  close  it  with  its  keeper  during 
magnetising ;  and  when  a  straight  one,  to  pro- 
vide it  at  the  top  and  bottom  with  a  piece  of 
iron.  By  this  process,  which  was  first  published 
by  M.  P.  Elias,  of  Haarlem  (^PhU.  Mag,  vol.  xxv.), 

very  large  bars  may  be  magnetised  to  saturation  by  a  single  passage  through 
the  cylinder. 

Fig.  90. 


Magnets^  when  Md  aside,  should  be  placed  in  the  position  which 
they  would  assume,  in  consequence  of  the  action  of  terrestrial 
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magnetism.  All  rough  and  yiolent  treatment  should  be  avoided, 
every  concussion  or  vibration  amongst  its  particles  tending  to 
weaken  its  power.  The  similar  poles  of  two  bar  magnets  should 
not  be  brought  bto  contact,  or  both  may  be  much  weakened ;  they 
should  be  kept  in  pairs,  with  their  dissimilar  poles  either  in  con- 
tact or  connected  together  by  two  pieces  of  soft  iron,  so  as  to  form 
a  parallelogram.  Horseshoe  magnets  should  have  a  short  bar  of 
soft  iron  adapted  to  connect  the  two  poles,  and  should  never  be  laid 
aside  without  such  a  piece  of  iron  adhering  to  them. 

(65)  Oeneral    Principle*.— i.   Direction,— H  a  bar  of  steel, 

magnetised  by  any  of  the  pro- 
Fig.^,,  cesses  above  described,  be  sus- 
pended horizontally  in  a  little 
stirrup  of  paper  or  metal,  by  a 
fibre  of  silk  (Fig.  91) ;  and  if  all 
bodies  of  a  ferruginous  nature  be 
removed  from  its  vicinity,  it  will, 
after  a  few  oscillations,  take  up  a 
position  nearly  north  and  south ; 
and  if  disturbed  from  this  posi- 
tion and  placed  in  any  other,  it 

1       will  not   remain   there,  but    as 

soon    as    it    is    at    liberty    to 
move  it  will  resume  its  former  position. 

2.  AUractim  and  JReptdsion. — If  two  magnetised  bars  be  poised, 
and  placed  in  different  positions  with  regard  to  each  other,  it  is 
found  that  in  some  positions  they  appear  to  be  attracted  towards 
each  other,  while  in  ethers  they  manifest  a  mutual  repulsion.  This 
does  not,  however,  happen  capriciously  j  the  two  north  poles,  and 
the  two  south  poles,  invariably  repel  each  other;  but  the  north 
pole  of  one  magnet  always  attracts  and  is  of  course  attracted  by 
the  south  pole  of  the  other. 

3.  Magnetic  Poles. — If  a  magnetised  bar  be  sprinkled  over  with 
fine  iron  filings,  the  filings  will  be  found  to  adhere  to  it  in  the  form 
of  bristliDg  tufts,  but  by  no  means  in  a  uniform  manner ;  at  the 
extremities  e  e  (Fig.  92),  the  iron  filaments  will  be  very  long, 
standing  out  perpendicularly  from  the  surface.  As  the  centre  of 
the  bar  is  approached,  they  will  become  shorter,  gradually  taking 
up  a  more  and  more  inclined  position,  and  adhering  in  smaller  and 
smaller  tufts  as  the  centre  Une  m  m'  is  approached.  In  the  im- 
mediate neighbourhood  of  this  line  no  filings  are  attracted ;  this, 
therefore,. is  called  the  neutral  line,  and  the  two  halves  of  the  bar 
j9  j9  are  called  the  magnetic  poles.  Every  magnet,  natural  or  arti- 
ficial, possesses  essentially  this  neutral  line,  and  these  magnetic 
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poles ;  but  it  sometimes  happens  that  a  magnetised  bar  possesses 
more  than  two  poles,  two  or  more  poles  alternating-  between  those 
sitoated  at  either  extremity  of  the  bar.  A  magnet  in  this  condi- 
tion is  said  to  have  '  consecutive  *  poles. 

Fig.  92. 


4.  Magnetic  Curves. — ^If  a  magnetised  bar  fee  laid  on  a  table, 
and  covered  with  a  sheet  of  white  paper,  or  with  a  thin  plate 
of  glass,  and  iron  filings  sifted  over  it  from  a  muslin  bag, 
the  filings  will  on  gently  tapping  the  paper  arrange  themselves 
round  and  about  the  poles  of  the  bar  in  a  very  beautiful  manner, 
forming  a  succession  of  curves  known  as  the  magnetic  curves  (Fig. 
93),  or  'curved  lines  of  magnetic  force '  {Faraday),    On  examin- 

Fig.  9J. 


ing  these  curves,  it  will  be  found  that  the  force  decreases  gradually 
from  the  poles  towards  the  centre,  or  some  point  intermediate  be- 
tween the  two  poles,  where  it  vanishes  altogether.  This  is  the 
neutral  point,  or  the  equator  of  the  magnet. 

Beautiful  visual  evidence  of  the  existence  of  two  distinct  mag- 
netic forces,  of  their  mutual  attractions  and  repulsions,  may  be 
obtained  thus — 

Let  the  two  dissimilar  poles  of  two  powerfal  bars  be  placed  in  the  same 
line,  about  one  and  a  half  or  two  inches  apart,  and  let  iron  filings  be  sifted 
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through  a  muslin  bag  on  a  frame  of  drawing  paper  placed  over  them,  the 
filings  will  arrange  themselves  as  shown  in  Fig.  94;   the  curved  and 

Fig.  94. 


Straight  lines  of  magnetic  force  issuing  from  similar  points  of  each  bar  joining 
the  two  poles,  and  showing  reciprocal  attractions.    Then  let  the  two  similar 

Fig.  95. 


poles  be  placed  opposite  each  other,  and  the  filings  again  sifted  over  them, 
evidence  of  mutual  repulsion  will  now  be  obtained,  the  lines  offeree  being 

Fig.  96. 


apparently  conflicting,  as  shown  in  Fig.  95.    If  the  bar  have  *  consecutive 
poles,'  the  filings  will  be  arranged  as  in  Fig.  96. 
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The  fimdamental  properties  of  the  magnetic  curyes  were  inves- 
tigated mathematically  by  Dr.  Roget  (Joumdl  of  the  Eoyal  InsH- 
tutum,  Feb.  1831).  He  describes  them  as  having  the  following 
remarkable  property :  viz.  That  the  difference  of  t]^e  cosines  of 
the  angles  which  lines  drawn  from  any  point  in  the  curve  to  the 
two  poles  make  with  the  axis  taken  on  the  same  side,  is  constant ; 
and  he  constructed  a  system  of  rules  by  which  these  curves  may 
be  mechanically  delineated. 

5.  Indttctian. — In  order  to  communicate  magnetism  from  a  natu- 
ral or  artificial  magnet  to  unmagnetised  iron  or  steel,  it  is  not 
necessary  that  the  two  bodies  should  be  in  contact.  The  commu- 
nication is  effected  as  perfectly,  though  more  feebly,  when  the 
bodies  are  separated  by  space.     Thus,  in  Fig.  97,  if  the  north  pole 

Fig.  97. 
S Af  J n    / i  i i 


of  an  artificial  steel  magnet,  A,  be  placed  near  the  extremity,  «,  of 
a  piece  of  soft  iron,  B,  the  end  s  will  instantly  acquire  the  proper- 
ties of  a  south  pole,  and  the  opposite  end  n  those  of  a  noi$h  pole. 
The  opposite  poles  would  have  been  produced,  at  n  and  s  if  the 
south  pole  s  of  the  magnet  a  had  been  placed  near  the  iron  bar  b. 

In  lie  manner  b,  though  only  temporarily  magnetic,  will  render 
another  piece  of  iron  c,  and  this  again  another  piece  b,  temporarily 
magnetic,  north  and  south  poles  being  produced  at  n^  s'  and  n^^  g^\ 

Here  we  observe  a  marked  analogy  between  the  phenomena  of 
magnetic  attraction  and  repulsion,  and  those  of  electrical  attraction 
and  repulsion.  In  both  there  exists  the  same  character  of  double 
agencies  of  opposite  kind,  capable  when  separate  of  acting  with 
great  energy,  and  being  when  combined  together  perfectly  neutra- 
lised, and  exhibiting  no  signs  of  activity.  As  there  are  two  elec- 
trical, so  there  are  also  two  magnetic  powers,  and  both  sets  of 
phenomena  are  governed  by  the  same  characteristic  laws.  Thus, 
in  the  above  experiment,  the  magnetism  inherent  in  b,  c,  d,  is  said 
to  be  induced  by  the  presence  of  the  real  magnet  a  ;  and  the 
phenomena  are  precisely  analogous  to  the  communication  of  elec- 
tricity to  unelectrified  bodies  by  induction  (7).  When  a  magnet 
attracts  a  piece  of  iron,  it  does  so  by  inducing  an  opposite  polarity 
at  the  end  adjacent  to  it,  and  the  two  opposite  principles  attract 
each  other.  So  also  when  iron  filings  are  attracted,  the  particle 
of  iron  next  the  magnet  has  magnetism  induced  on  it,  and  it 
becomes  a  minute  magnet  like  b,  Fig.  97.    This  particle  induces 
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magnetifim  on  the  next  particle  like  c^  and  so  on^  the,  opposite 
polarities  in  each  particle  of  the  filings  attracting  one  another  as 
if  they  were  real  magnets. 

On  comparing  the  amount  of  the  attractive  force  of  the  two  dis- 
nmilar  poles  of  two  magnets  with  the  amount  of  the  repulsive  force 
of  the  fwo  similar  poles,  it  is  found  that  the  former  force  is  con- 
siderably  graater  than  the  latter.  This  result  is  a  necessjuy  conse- 
quence of  the.  inductive  process  above  described.  When  the  two 
attracting  poles  are  in  contact,  each  magnet  tends  to  increase  the 
power  of  the  other  by  developing  the  opposite  states  in  the  adjacent 
halves,  and  thus  increasing  their  mutual  attraction.  But  when  the 
two  repelling  poles  are  brought  into  contact,  each  magnet  has  a 
tendency  to  diminish  the  repulsive  power  of  the  other  by  develop- 
ing in  it  a  polarity  contrary  to  that  which  it  possesses.  If  one 
magnet  be  considerably  stronger  than  the  other,  the  repulsion  which 
first  takes  place  on  bringing  their  similar  poles  near  each  other  is 
changed  to  attraction  when  they  are  brought  into  contact,  the 
strong  magnet  destroying  the  similar  magnetism  in  the  half  of 
the  weak  magnet  next  to  it,  and  inducing  in  it  the  opposite 
polarity. 

The  operation  of  magnetic  induction  may  be  well  illustrated  by 
the  following  experiments : — 

I.  Let  three  or  foo'r  soft  iron  wires  be  suspended  from  the  n  pole  of  a 
bar  magnet  j  it  will  be  found  that  they  will  not  hang  panllel  to  each 
but  assume  the  position  indicated  in  Fig. 
98.  The  wires  become  temporarily  mag- 
netic, their  s  poles  being  determined  to- 
wards and  adhering  to  the  n  pole  of  the 
magnet ;  while  the  n  poles  not  being  under 
any  restraining  power, 
manifest  a  mutual  re- 
pulsion and  avoid  one 
another,  as  shown  in 
the  figure. 

2.  Let  two  pieces  of 
soft  iron  be  suspended 
by  threads  from  a  ring 
or  hook,  and  let  the  n 
pole  of  a  strong  bar 
magnet  A  (Fig.  99)  be 
held  at  a  certain  dis- 
tance below  them,  the 
wires  will  become  in- 
ductively magnetic, 
and  their  similar  s 
poles  being  determined 
towards  n,  a  mutual 


strong 
other. 


Fig.  99. 


Fig.  98. 
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Fig.  loo. 


repulsion  is  set  up.  If,  now,  the  magnet  be  brought  very  near,  the  repnision 
ofthes  sends  of  the  wires  gives  place  to  an  apparent  attraction;  this  is 
caused  hj  the  strong  attraction  of  A  for  both  wires  overcoming  their  own 
mutual  repulsion ;  the  repulsion  of  the  n  ends  of  the  wires  is,  however,  now 
rendered  evident,  and  the  nearer  the  inducing  magnet  is  brought  to  the 
wires  the  stronger  will  this  repulsion  be  manifested. 

3.  Let  a  forked  piece  of  soft  iron  c  d  s  (Fig.  100)  be  suspended  by  one 
of  its  branches  from  the  N  pole  of  the  magnetic  bar 

B ;  if  the  power  of  the  bar  be  pretty  strong,  it  will 
induce  sufficient  magnetism  in  c  d  £  to  enable  it  to 
hold  in  suspension  the  key  k  ;  but  if  we  now  bring 
into  contact  with  the  other  branch  of  the  fork  the 
3  pole  of  a  second  magnet  a,  the  key  will  drop  off; 
the  reason  being,  that  the  k  pole  of  b  induces  a 
northern  polarity  at  the  lower  end  e  of  the  fork, 
hence  its  poMier  of  sustaining  the  key ;  but  the  s  pole 
of  A  tends  to  give  a  southern  polarity  to  the  same 
end,  and  the  two  actions  mutually  destroy  or  neu- 
tralise each  other. 

4.  Let  a  mass  of  soft  iron,  such  as  a  key,  be 
suspended  from  either  pole  of  a  strong  magnet  b 
(Fig.  loi),  and  then  let  a  second  and  similar  magnet 
A  be  gradually  slid  over  b,  taking  care  that  the  oppo- 
site poles  of  the  two  bars  shall  come  into  contact. 
When  the  end  of  A  arrives  within  a  certain  distance 
of  b,  the  key  will  fall  off  as  if  the  bar  had  lost  its 

magnetic  power ;  this,  however,  is  not  the  case,  for  on  removing  a,  the  key 
may  be  again  supported  from  b. 


^^n 


Fig.  loi. 


J 


5.  Let  a  word  or  a  figure  of  any  kind  be  traced  with  a  powerful  bar  mag<^ 
net  with  a  round  end  on  a  well  tempered  and  polished  steel  plate ;  then  let 
clean  iron  filings  be  shaken  on  the  plate  from  a  muslin  bag,  the  filings  will 
be  found  to  arrange  themselves  in  the  empty  spaces  between  the  lines  traced 
by  the  pole  of  the  magnet,  and  thus  represent  on  vacant  steel  the  design 
that  has  been  traced.  If  a  south  pole  has  been  used,  all  the  traces  marked 
will  have  a  north  polar  magnetism,  and  the  filings  collect  at  the  parts  where 
the  magnetism  is  most  intense,  arranging  themselves  in  pencils  and  radii. 
These  magnetic  figures  were  first  produced  by  M.  Haldat. 

(66)  Qnalitles  of  Steel  tor  Artlfloial  Magnets. — ^From  the 
experiments  of  Scoresby^  it  would  appear  that  for  large  or  massive 
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single  and  compound  magnets  of  the  straight  bar  form,  the  best 
material  is  hard  cast  sted ;  for  horseshoe  magnets  if  single^  cast 
steel  annealed  from  file  hardness  at  a  temperature  of  about  550°,  or 
shear  steel  a  little  reduced ;  and  for  compound  horseshoe  magnets, 
cast  steel  annealed  at  480°  to  500°,  or  shear  steel  perfectly  hard  ;  for 
compass  needles,  if  single  and  heavy,  such  as  are  suited  for  stormy 
weather,  ?Mrd  cast  steel;  if  light  or  of  moderate  weight,  whether 
single  or  compound,  the  best  cast  steel  annealed  at  500°  or  550**, 
or  hard  shear  steel,  or  hard  cast  steel  from  Bradford  iron ;  and  for 
very  light  needles,  or  other  small  magnets,  the  best  cast  steel 
annealed  at  the  heat  of  boiling  oil.  Cast  iron  (No.  1  pig  metal) 
bars,  if  hardened  at  the  end,  are  capable  of  forming  powerful  and 
permanent  magnets.  Hearder  constructed  a  battery  of  twenty- 
four  bars,  each  weighing  3  Ibs.^  which  was  capable  of  lifting 
60  lbs. 

The  practice  of  hardening  the  ends  only  of  bars  destined  for 
magnets  is  not,  according  to  the  same  authority,  to  be  recom- 
mended, as  this  mode  of  tempering  possesses  no  advantage  as  to 
capacity,  while  it  has  much  disadvantage  aa  to  tenaciousness,  ex- 
cept in  very  thin  bars.  A  moderate  hardening  throughout  is  the 
most  efficacious. 

Scoresby  found  a  constant  relation  between  the  ductility  of  iron 
and  its  magnetic  capacity :  the  best  iron  possesses  the  highest 
magnetic  quality.  He  examined  magnetically  all  the  varieties  of 
steel,  both  hard  and  soft,  and  the  results  he  obtained  revealed 
such  a  relation  between  the  magnetical  properties  of  several  bars 
and  the  denomination  of  steel  of  which  they  were  made,  as  to  show 
that  it  might  not  be  impossible  that  magnetism  may  be  rendered 
available  for  ascertaining  not  only  the  degree  of  carburation  but 
even  for  determining  the  quality  of  iron  out  of  which  the  steel  may 
have  been  manufactured. 

(67)  Most  AdvantaffeouB  form  oT  Magnet. — According  to 
Lamont  (Pogg.  Aim.  vol.  cxiii.),  there  are  two  forms  which  appear 
advantageous:  the  flat  contracting  to  a  point  from  the  middle; 
and  the  flat  prismatic;  in  the  first  form  the  proportion  of  the 
magnetism  to  the  weight  is  greater  by  one-eighth  part  than  in  the 
latter,  so  that  it  must  always  hold  ,as  a  rule  that  the  thickness  and 
breadth  must  be  as  much  diminished  as  the  other  necessary  con- 
ditions permit. 

(68)  KawB  of  Maimetle  CombinatlonB  1  Marnetle  Bat- 
tertes. — By  combining  the  principle  of  the  diffusion  of  energy  by 
the  combination  of  separate  plates  with  that  of  selection  by  testing 
of  powerful  and  tenacious  plates,  very  powerful  magnetic  batteries 
may  be  constructed.    Scoresby  constructed  a  battery  of  1 5 -inch 
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hard  plates,  the  power  of  which  was  five  or  six  times  as  great  as 
could  be  obtained  from  any  combination  in  bars  of  similar  length 
of  plates  of  a  spring  temper  only,  the  quality  of  steel  usually  em- 
ployed. ,A  combmatian  of  bars  is  proportionally  more  powerful 
than  a  single  bar  of  equal  weight ;  the  absolute  gain  of  power, 
however,  gradually  diminishes,  and  beyond  a  certain  extent  con- 
tinued additions  to  a  powerful  combination  is  not  only  not  bene- 
ficial but  positively  injurious.  Advantage  is  gained  by  separating 
the  plates  by  small  discs,  a  larger  number  may  then  be  employed. 
/With  regard  to  the  degree  of  hardness,  for  all  practical  purposes, 
the  limits  may  be  considered  as  comprised  between  «  brittle  hard- 
ness like  that  of  files,  and  that  of  a  spring  temper. 

(69)  Bireotive  Power  of  MagrnetUed  Sars.— For  ascertaining 
this  point,  Coulomb  employed  his  balance  of  torsion  (fig.  6,  p.  6). 
Scoresby,  however,  recommends  as  sufficiently  exact  for  practical 
purposes  generally,  the  method  of  deviations.  The  bars  to  be 
exandned  and  compared  are  laid  in  a  horizontal  position,  and  at 
right  angles  to  the  magnetic  meridian.  A  compass  needle  is  Sus- 
pended at  a  given  distance,  and  the  tangents  of  deviation  produced 
by  the  bars  to  be  tested,  afford,  provided  they  are  of  tiie  same 
length,  a  satisfactory  estimate  of  their  proportional  powers.  To 
ascertain  the  relative  strength  or  tenaciousness  of  magnetic  bars, 
compass  needles,  &c.,  Scoresby  directs  first  to  ascertain  their  direc- 
tive energy  separately,  and  then  to  bind  them  up  into  a  bundle 
with  their  corresponding  poles  in  contact  j  they  are  then  to  be 
taken  apart  and  their  directive  energy  again  determined.  Some- 
times the  bars  have  their  poles  reversed  by  this  treatment.  In  this 
way  surprising  differences  may  be  sometimes  detected  in  bars 
apparently  similar. 

(70)  Kaws  of  Magnetic  Force. — It  was  infeiTed  by  Newton, 
^from  some  rude  observations,'  that  the  power  of  a  magnet 
decreases  not  in  the  duplicate,  but  almost  in  the  triplicate  ratio  of 
the  distance.  Hawksbee,  Wilson,  and  Taylor  gave  a  law  of  force 
which  varies  as  the  sesquiduplicate  ratio  of  the  distances ;  and  Mus- 
chenbroek's  researches  led  him  to  the  conclusion  '  that  no  assign- 
able proportion  exists  between  the  forces  and  the  distances, 
whether  of  attraction  or  repulsion.'  Mayer  and  Martin  considered 
the  true  law  of  the  magnetic  force  to  be  identical  with  that  of 
gravitation,  according  to  the  effective  force  which  operates  in 
restoring  a  needle  to  its  meridian  when  drawn  aside  from  it,  is 
directly  as  the  line  of  the  angle  of  its  deflection.  The  law  of 
force  was  found  to  be  in  the  inverse  duplicate  ratio  of  the  distances. 
The  directive  or  polar  force  of  a  magnet  upon  a  small  needle  was 
shown  by  Lambert  to  be  as  the  absolute  force  or  magnetic  inten- 


Digitized  by 


Google 


124 


MAGNETISM. 


sity  of  the  particles  directly^  and  aa  the  squares  of  the  distances 
Inversely.  Lambert's  deductions  were  subsequently  confirmed  by 
Coulomb. 

According  to  the  more  recent  inquiries  of  Harris  (Edtnb,  PM. 
Trans.  1839),  there  is  a  limit  in  respect  to  the  elementary  magnetic 
inductive  forces  different  for  different  magnets,  and  varying  with 
the  magnetic  conditions  of  the  experiment ;  but  as  a  general  rule 
the  elementary  force  of  magnetic  induction  is  as  the  magnetism 
directly,  and  from  the  ^  or  square  root  to  the  f  power  or  sesqu*-* 
dvpUcate  ratio  of  the  distance  inversely.  Harris  examined  the 
forces  at  successive  points  of  an  accurately  divided,  powerfully 
magnetised,  and  equally  tempered  bar,  by  means  of  his  hydrostatic 
balance,  and  found  that  the  magnetism  in  different  parts  of  a 
regularly  tempered  and  magnetised  steel  bar  of  uniform  texture, 
was  directly  as  the  distance  from  the  magnetic  centre,  while  the 
reciprocal  force  between  any  given  point  and  soft  iron  was  as  the 
square  of  the  distance  from  that  centre. 

By  the  following  instructive  experiment,  Harris  has  shown 
that  magnetism,  like  electricity,  is  only  influenced  by  the  surface, 
and  is  independent  of  the  mass  of  the  magnetised  body. 

Between  the  magnet  m  (Fig.  102)  and  the  trial  rod  t  of  the  magnetometer, 

a  small  cylinder  of  iron  a  b 
Fig.  ,02.  was    placed,    into    -which 

coald  be  inserted,  as  a  core, 
a  closely  fitting  cylinder 
abf  also  of  iron.  The 
magnet  was  placed  at  a 
convenient  distance  below 
the  cylinder,  and  the  at- 
tractive forces  on  the  trial 
rod  were  measured  when 
the  interposed  cylinder  was 
hollow,  when  the  core  was 
in  its  place,  and  when  it 
was  drawn  ont,  as  repre- 

*    '       sented  by  the  dotted  lines 

Tj)  in  the  figore,  so  as  to 
double  the  extent  of  the 
interposed  surface.  When 
the  joint  cylinders  were 
taken  together  as  a  mass, 
and  when  the  interior  cy- 
linder' was  removed,  the 
force  was  in  both  cases  the 
same;  but  when  the  core 

was  drawn  out,  so  as  to  extend  the  surface  to  the  greatest  limit,  the 

intensity  was  diminished  one  half. 
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Tyndall  has  also  investigated  the  laws  of  magnetism  (PhU,  Mag,, 
new  series,  vol.  i.  p.  295).  The  principal  results  of  his  inquiry  are 
the  following ; — 

I.  The  inatnal  attraction  of  a  magnet  and  a  sphere  of  soft  iron,  when  both 
are  in  contact,  is  directly  proportional  to  the  strength  of  the  magnet 

a.  The  mntnal  attraction  of  a  magnet  and  a  sphere  of  soft  iron,  when 
both  are  separated  by  a  small  fixed  distance,  is  directly  proportional  to  the 
sqMore  of  the  strength  of  the  magnet. 

3.  The  mntnal  attraction  of  i|  magnet  of  constant  strength  and  a  sphere 
of  soft  iron,  is  invertdy  proportional  to  the  distance  between  the  magnet  and 
the  sphere. 

4.  When  the  distance  between  the  magnet  and  the  sphere  varies,  and  a 
constant  force  opposed  to  the  pull  of  the  magnet,  is  applied  to  the  latter,  to 
hold  this  force  in  eqailibrinm,  the  strength  of  the  magnet  must  vary  as  the 
square  root  of  the  distance. 

(71)  Terrestrial  Magnetism. — The  earth  must  be  regarded 
as  a  magnetic  mass  operating  on  the  magnetic  needle  precisely  in 
the  same  way  as  one  magnetic  mass  operates  on  another.  The 
total  magnetic  power^  or '  moment  magnetism/  of  the  earth,  as  com- 
pared with  that  of  a  saturated  steel  bar  one  poxmd  in  weighty  was 
calculated  by  Gauss  to  he  as  8^464,000,000,000,000,000,000  to  i ; 
which,  supposing  the  magnetic  force  to  be  uniformly  distributed, 
will  be  found .  to  amount  to  about  six  such  bars  to  every  cubic 

K  we  communicate  magnetism  to  a  steel  bar  which  in  its  neutral 
condition  has  been  exactly  equipoised  when  suspended  freely  from 
its  centre,  we  shall 

find    that    it      no  Fig.  103. 

longer  maintains  its 
horizontal  position, 
but  assumes  an  ob- 
lique one,  being  in- 
clined with  its  north 
pole  downwards  at 
an  angle  of  about 
68*1 5".  If  we  take 
this  needle  to  diflfer- 
ent  parts  of  the 
earth,  we  shall  find 
its  inclination  to  be 
different  in  different 
parts,  the  angle  be- 
coming greater  and 

greater  as  we  approach  the  poles,  and  less  and  less  as  we  approach 
the  equatorial  regions.  * 
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The  magnetic  condition  of  the  glohe  may  he  illustrated  thus : — 

Let  a  bar  mai^et  be  enclosed  in  a  light  wooden  or  pasteboard  sphere 
(Fig.  103),  and  let  a  light  magnetic  n.eedle  be  suspended  by  a  thread,  and 
held  over  the  eqoator  of  the  sphere,  it  will  assume  a  horizontal  position,  its 
north  pole  pointing  towards  the  south  pole  of  the  enclosed  magnet ;  let  the 
needle  then  be  moved  gradoallj  over  the  surface  of  the  globe,  and  it  will  be 
found  to  assume  the  different  positions  indicated  in  the  figure,  in  which  the 
north  pole  of  the  suspended  needle  ia  distinguished  by  an  arrow  head. 

(72)  Tlie  XAad  CompAM. — The  magnetised  needle  is  placed 
upon  a  point  in  the  centre  of  a  brass  or  wooden  hoz  furnished  with 
a  graduated  ring.  The  box  is  furnished  with  two  straight  edges 
of  brasS;  or  index  marks  to  set  to  any  proposed  line^  and  sometimes 
with  sights,  the  top  being  covered  witii  glass  to  prevent  the  needle 
from  being  disturbed  by  the  action  of  the  air.  There  are  also  two 
small  pieces  of  brass,  one  of  them  turning  upon  a  fixed  point,  which 
is  used  to  check  the  oscillation  of  the  needle  by  pressing  on  its 
upper  end ;  the  ring  at  the  other  end  of  the  lever  is  raised  till  it 
touches  the  needle,  which  is  thereby  rendered  steady  j  the  lever  is 
then  let  down,  and  the  needle  left  to  find  its  proper  direction.  In 
the  figure  (Fig.  104)  the  needle  is  mounted  with  a  card  divided 

into  points  and  quarter 
j-jg  points  of  the  compass, 

the  N.  and  S.  points 
being  nfade  to  corre- 
spond very  exactly  with 
the  needle  ;  in  this  form 
the  general  direction  of 
an  object  will  be  known 
by  observing  its  bear- 
ing, which  will  always 
be  in  accordance  with 
the  magnetic  meridian 
of  the  place  of  obser- 
vation. 

(73)      The     Mari- 
ner's Compass.  --  In 
the    ordinary    form  it 
consists  of  a  magnetic 
needle    attached    to   a 
circular  card,  the  surface  of  which  is  divided  into  the  four  cardinal 
points  N.  S.  E.  and  W.     These  again  are  sub-divided  into  thirty- 
two  points,  which  are  called  rhumbs.     In  the  azimuth  compass 
the  circle  is  divided  into  360  parts.     The  position  of  the  needle  is 
usuaUy  estimated  in  terms  of  the  thirty-two  points,  but  in  refined 
experiments  the  angular  deviation  of  the  needle  from  the  line  of 
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the  magnetic  meridian  is  measured  in  degrees  and  minutes  taken 
in  reference  to  either  the  N.  or  S.  pole  of  the  card.  Thus,  instead 
of  rhumb  SW.,  we  say  S.  45°  W. ;  instead  of  ENE.,  we  say 
N.  67®  30'  E.,  and  so  on. 

The  azimuth  compass  is  shown  in  Fig.  105,  the  compass  box  a  b 
is  suspended  within  a  large  box,  p  q,  upon  two  concentric  brass  circles  or 
gimbals,  the  outer  circles  being  both  fixed  by  hoYizontal  pivots  to  the  inner 
circle  which  carries  the  compass  box ;  the  two  axes  upon  which  the  gimbals 

Fig.  105. 


more  being  at  right  angles  to  each  other.  The  effect  of  this  construction  is, 
that  the  compass  box  a  b  will  retain  a  horizontal  position  during  the 
motions  of  the  vessel.  The  compass  box  is  furnished  with  sights,  o  h, 
through  which  any  object  may  be  seen,  and  its  angle  with  the  magnetic: 
meridian  increased. 

For  this  purpose  the  whole  box  is  hung  in  detached  gimbals,  o  d,  s  f, 
which  turn  upon  a  stout  vertical  pin,  seen  above  s.  In  this  compass  the 
card  is  divided  on  its  rim  into  360^,  but  the  divisions  are  more  frequently 
placed  on  a  light  metallic  rim  which  it  carries.  The  eye  is  applied  to  the 
sight  H«  which  is  a  strip  of  brass  containing  a  narrow  slit  The  other  sight 
o,  which  is  turned  towards  the  object,  contains  an  oblong  aperture,  along 
the  axis  of  which  is  stretched  a  fine  wire,  which  is  made  to  pass  over  the 
object  whose  angular  distance  or  azimuth  from  the  magnetic  meridian  is  to 
be  determined. 

The  compass  recommended  by  the  Committee  of  Enquiry  ap- 
pointed by  the  Admiralty  consists  of  four  compoxmd  magnetic 
bars  secured  together  with  a  card  within  a  light  ring  of  brass ;  the 
card  is  made  of  mica,  and  covered  with  thin  paper,  on  which  the 
impression  of  the  cardinal  points  is  printed ;  the  caps  are  of  agate 
or  ruby,  and  the  points  of  suspension  of  native  alloy  5  the  bowl  is 
made  of  copper. 


Digitized  by 


Google 


128  TERRESTRIAL   MAGNETISM. 

(74)  Tlie  Znclinatloii  CoinpasB.-~Tlie  important  fact  tliat  a 
magnetised  needle,  when  allowed  perfect  freedom  of  motion,  en- 
deavours to  place  itself  in  the  plane  of  the  magnetic  meridian  in  a 
direction  more  or  less  inclined  to  the  horizon,  was  discovered  about 
the  year  1756  by  Robert  Norman,  an  optician  of  London,  but  many 
years  elapsed  before  it  was  known  that  this  inclination  of  the 
needle  was  subject  to  a  variation.  This  interesting  fact  has,  how- 
ever, been  well  ascertained,  and  instruments  called  dipping  needles 
have  been  constructed,  with  a  view  of  ascertaining  the  amount  of 
the  inclination  in  different  places  at  the  same  time ;  or  in  the  same 
place  at  different  times ;  but  it  was  not  until  the  latter  end  of  the 
last  century  that  sufficient  accuracy  could  be  carried  into  their 
construction  to  render  them  fully  competent  to  the  delicate  task 
they  were  intended  to  perform. 

A  simple  form  of  dipping  needle  is  shown  in  Fig.  106.  It  consists  of  a 
brass  plate  supported  on  a  flat  stand  bv  three 
screws;  on  this  plate  is  placed  a  spirit-level 
Fig^ioft.  ^^^  adjusting  the  plate  horizontally;  a  stont 

hollow  brass  pillar  rising  from  the  centre  of 
the  plate  carries  a  circular  box,  forming  the 
case  of  the  dipping  needle,  which  turns  freely 
on  two  finely  polished  planes  of  agate. 

It  is  very  rarely,  however,  that  a 
needle  can  be  so  nicely  balanced  as  to 
give  the  exact  dip  at  a  single  observa- 
tion. The  usual  mode  of  proceeding 
is,  therefore,  as  follows : — Having  taken 
eight  or  ten  observations,  turn  the  jieedle 
completely  round,  viz.  if  in  the  first 
instance  the  face  was  towards  E.,  turn 
it  now  to  W. ;  if  it  was  before  W.,  turn  it  to  E. ;  this  is  very 
easily  effected  by  the  graduations  on  the  lower  limb  of  the  in- 
strument. Let  the  same  number  of  observations  be  again  taken, 
they  may  not  agree  precisely  with  the  first  in  consequence  of  some 
defects  in  the  construction  of  the  instrument ;  let,  howeverj  the 
mean  in  both  cases  be  preserved  by  dividing  the  sum  of  each  set 
of  observations  by  the  number  of  them.  The  needle  is  now  to 
be  removed  from  the  box,  and  its  poles  inverted  by  any  of  the 
usual  methods  of  magnetising,  so  that  when  replaced  on  its  axis, 
that  end  which  was  before  below  the  horizon  will  now  be  above 
it,  and  if  the  needle  be  correctly  balanced,  by  exactly  the  same 
quantity  j  but  if  not,  as  is  most  likely  to  happen,  two  other  means 
must  be  got  as  before,  and  the  general  mean  of  the  four  will  be 
very  nearly  or  exactly  the  true  dip. 

(75)  Tlie    Variation  •Compass.  —  This    instrument    being 
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iatended  for  measuring  small  changes  in  the  declination  of  the 
magnetic  needle^  either  annual  or  diurnal,  is  more  limited  in  its 
arc  of  vibration,  and  is  generally  longer  than  the  needle  used  for 
^mmon  purposes;  it  is  also  furnished  with  conveniences  for 
reading  closer  than  the  ordinary  compass.  The  needles  intended 
for  this  purpose  are  usually  constructed  in  a  particular  maimer, 
haying  only  a  very  small  part  of  the  circle  graduated,  and  the 
means  of  distinguishing  small  changes  better  suited  to  the  eye  than 
ikey  generally  are  in  common  horizontal  needles.  The  place  in 
which  the  instrument  is  fixed  is  required  to  be  particularly  firm 
and  steady,  and,  in  short,  every  precaution  is  necessary  to  be  had 
reoourse  to  in  order  to  avoid  small  irregularities,  because  the 
chains  to  be  observed  are  themselves  so  small  that  without  the 
greatest  accuracy  they  noay  be  either  overlooked,  or  the  irregulari- 
ties of  the  instrument  may  so  combine  them,  that  every  attempt  to 
-deduce  laws  fyom  them  would  be  unavailing. 

(76)  Ttie  ll««lliifition  Marnet. — This  instrument,  for  deter- 
mining the  direction  of  the  needle  and  its  variations,  consists  of  a 
prismatic  magnetic  bar  suspended  by  untwisted  threads  of  raw 
^Ik.  To  the  south  or  north  end  of  the  bar  a  plane  mirror  is  fized, 
and  it  is  endosed  in  a  wooden  cylindrical  box,  which,  besides  the 
small  aperture  in  the  lid  for  the  passage  of  the  thread,  has  a  larger 
one  in  the  side,  which  is  rather  higher  and  wider  than  the  mirror. 
Opposite  the  mirror  a  theodolite  is  placed,  the  vertical  axis  of  which 
is  in  the  same  magnetic  meridian  with  the  line  of  suspension,  and 
at  a  distance  from  it  of  about  1 6  Parisiaji  feet.  To  the  stand  of  the 
theodolite  is  fixed  a  horizontal  scale  oi  4  feet  in  length,  divided 
into  single  millimetres ;  it  makes  a  right  angle  with  the  magnetic 
meridian.  That  point  of  the  scale  which  is  situated  in  the  same 
vertical  plane  with  the  optical  axis  of  the  telescope,  and  which 
may  be  called  the  zero  point,  is  marked  out  by  a  fine  thread  of 
gold  depending  from  the  middle  of  the  object  glass,  and  charged 
with  a  weight.  The  scale  is  fixed  at  such  a  height  that  the  image 
oi  a  portion  of  it  is  seen  in  the  mirror  through  the  telescope,  the 
eye  glass  of  which  is  adjusted  accordingly.  At  the  opposite  side 
of  the  needle,  in  the  same  vertical  plane,  and  at  a  distance  from 
the  telescope  e^ual  to  that  of  the  image,  a  mark  is  fixed  serving 
every  instant  to  ascertain  the  unchanged  position  of  the  theodolite. 
It  is  obvious  that  if  all  these  conditions  be  fulfilled,  the  image  on 
the  zero  point  of  the  scale  will  appear  exactly  on  the  optical  axis 
of  the^ telescope,  and  that  so  far  as  an  object  of  known  azimuth  is 
visible  at  the  place  of  the  theodolite,  we  may  by  means  of  this 
instrument  immediately  find  the  absolute  magnetic  declination.  If, 
on  the  other  hand,  these  conditions  are  only  partially  fulfilled, 
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then  generally  speaking  the  image  not  of  the  zero-point  but  that 
of  another  point  of  the  scale^  will  appear  on  the  optical  axis ;  and 
if  the  horizontal  distance  of  the  scale  from  the  mirror  has  been 
measured  with  exactness,  it  will  be  easy  to  reduce  the  amount  of 
the  divisions  of  the  scale  to  the  corresponding  angle,  and  thus  to 
correct  the  result  first  obtained.  By  turning  the  needle  in  the 
stirrup,  so  that  the  upper  suriface  becomes  the  lower,  the  amount 
of  the  error  of  coUimation  of  the  mirror  may  be  ascertained  with 
great  ease  and  precision.  By  this  mode  of  operating,  the  direction 
of  the  needle  and  its  variations  are  determined  with  great  pre- 
cision. 

(77)  Tbe  Variation  of  tbe  XTeedle. —  Measures  of  the 
variation  of  the  magnetic  needle  have  been  taken  by  travellers  and 
navigatora  in  all  parts  of  the  globe.  In  some  places  the  magnetic 
and  terrestrial  meridians  exactly  correspond ;  in  these  situations 
the  needle  points  to  the  true  north  and  south,  but  in  most  parts 
of  the  earth's  surface  its  direction  deviates  sometimes  to  the  E.  and 
sometimes  to  the  W.  Hansteen  makes  the  western  Une  of  no  vari- 
ation, or  that  which  passes  through  all  the  places  on  the  globe 
where  the  needle  points  to  the  true  N.,  to  begin  in  latitude  60**  to 
the  W.  of  Hudson's  Bay,  proceeding  in  a  SE.  direction  through 
the  North  American  Lake,  passing  the  Antilles  and  Cape  St. 
Roque  till  it  reaches  the  South  Atlantic  Ocean,  where  it  cuts  the 
meridian  of  Greenwich  at  about  65**  of  S.  latitude.  This  line  of 
no  variation  is  extremely  regular,  being  almost  straight  till  it  bends 
round  the  eastern  part  of  South  America,  a  little  S.  of  the  equator. 
On  the  other  hand,  his  chart  shows  that  the  eastern  line  of  no  varia- 
tion is  extremely  irregular,  being  full  of  loops  and  inflexions  of  the 
most  extraordinary  kind,  indicating  the  action  of  local  magnetic 
forces.  It  begins  in  latitude  60®  S.,  below  New  Holland,  crosses 
that  immense  island  through  its  centre,  extends  through  the  Indian 
Archipelago  with  a  double  sinuosity,  so  as  to  cross  the  equator 
three  times ',  first  passing  N.  of  it  to  the  E.  of  Borneo,  and  then 
crossing  it  again  beneath  Ceylon,  from  which  it  passes  to  the  E. 
through  the  Yellow  Sea.  It  then  stretches  along  the  coast  of 
China,  making  a  semicircular  sweep  to  the  W.  till  it  reaches  the 
latitude  70*^,  where  it  descends  again  to  the  S.,  and  returns  north- 
ward with  a  great  semicircular  bend  which  terminates  in  the  White 
Sea.    These  lines  of  no  variation  are  called  agonic  lines. 

In  1833  Professor  Barlow  constructed  a  new  variation  chart,  in 
which  he  inserted  the  magnetic  observations  of  Commando^  Ross  -, 
and  he  remarks  that  *  the  very  spot  where  this  officer  fouhd  the 
needle  perpendicular,  that  is,  the  pole  itself,  is  precisely  that  point 
in  my  globe  and  chart  in  which,  by  sii^posing  all  the  lines  to  meet^ 
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the  several  curves  would  best  preserve  their  unity  of  character, 
l>oth  separately  and  conjointly,  as  a  system.' 

The  following  table  exhibits  the  progressive  changes  in  the 
variation  of  the  needle  which  have  taken  place  in  London  from 
1576  to  1831 : — 


(Mai.) 


Year. 

{ 

Observer. 

Yariation. 

1576        .        .        .    Norman 

11°  15'   E. 

1580 

,    Burroughs 

II     17     «    ( 

1622 

.    Gunter 

6    12     „ 

1634 

.    Gellibrand 

4        5       n 

1^} 

No  variation. 

1666 

0    34  VV. 

1670 

z      6    „ 

1672 

2    30    » 

1700 

9    40    » 

1720 

13      0    „ 

1740 

16    10    „ 

1760 

19    30    „ 

1774 

22    20    „ 

1778 

22    11    „ 

1790 

23    39    » 

1800 
1806 

24    36    « 
24      8    » 

1813 

.    Colonel  Bcaufoy 

24    20    if 

181S 

n 

24    27    18 

1816 

24    17      9 

1820 

24    II      7 

1823 

24      9    40 

1831 

24     0     0 

w. 


(Max.) 


From  this  table  it  appears  that  the  needle  began  to  have  a 
^westerly  variation  from  1662,  and  that  it  reached  its  maximum 
about  1815,  since  which  it  has  been  retrograding  j  and  now  (1865) 
it  points  rather  more  than  21**  west  of  the  north. 

At  the  present  time  the  whole  of  Europe,  with  the  exception  of 
a  small  part  of  Bussia,  has  a  W.  declination.  In  Eastern  Bus- 
sia,  to  the  E.  of  the  mouth  of  the  Volga,  of  Saralow,  Nishni- 
Novogorod,  and  Archangel,  the  easterly  declination  of  Asia  is 
advancing  towards  us.  There  are  particular  parts  of  the  earth's 
surface,  as  in  the  western  part  of  the  Antilles  and  in  Spitzbergen, 
-where  the  mean  declination  of  the  needle  has  scarcely  undergone 
any  sensible  change  in  the  course  of  the  last  hundred  years.  Since 
1660  the  compass  has  been  pennanent  in  Jamaica. 

*  The  whole  mass  of  West  India  property/  remarks  Sir  John  Herschel 
(Cbtmofy  Sabine^s  Trarulaiion,  vol.  i.  p.  410),  *  has  been  saved  from  the  bot- 
tomless pit  of  endless  litigation  by  the  invariability  of  the  magnetic  declina- 
tion in  Jamaica  and  the  snrronnding  archipelago,  as  during  the  whole  of  the 
last  century  all  surveys  of  property  were  conducted  solely  by  the  compass.' 
^      k2 
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(7S)  VIM  flftloa  wf  «li0  W—dM9^^Th»  dip  of  the  msg- 
netic  needle,  like  the  TuiatioOy  undevgoes  a  oontiniMl  diange, 
inoeasiiig  in  some  puts  of  the  world  and  diminiihiiig  in  otheTS. 
The  flowing  tahle  ehowa  the  dnnges  of  the  dip  at  London 
hetween  1720  and  1833  : — 


Year. 

Obeerved. 

Obeerrer. 

Computed. 

1720 

.        74°  4^''        . 

Graham   . 

.          76°  2/ 

1773        . 

72    19 

Heberden 

73    40 

1780        . 

72      8 

.    Gflpln      . 

.        73    18 

1790        . 

71    53 

»t 

7»    39 

1800        . 

70    35 

•       »          • 

7t    58 

*i8io        . 

. 

71    15 

1818        .        . 

70    34 

Kater       .       . 

70    34 

1821        . 

70      3 

.    Sabine     . 

. 

1828 

69    47 

»f         •        • 

69    43 

1830 

69    38         . 

» 

. 

1833        . 

. 

. 

69    21 

From  this  table  it  appears  that  the  magnetic  dip  reached  its 
maximum  in  London  in  1 720.  From  observations  made  at  the  Kew 
Ohservatoiy  in  May  1863,  the  dip  was  68**  15',  so  that  during  the 
last  143  years  it  has  lost  6°  27'^  being  at  the  rate  of  2^  7''  each 
year.  At  Toronto,  the  inclination  on  March  11,  1847,  was 
75*^  16'. 

(79)  Pertodle  Varlatloiis  of  tbe  Maffnetle  Veedle. — (a) 
Annual  Variation, — ^The  horizontal  needle  is  subject  to  annual 
variations,  depending  on  the  position  of  the  sun  in  reference  to  the 
equinoctial  and  solstitial  points,  and  to  horary  variations  oorre- 
sponding  to  changes  of  temperature  from  the  diumal  rotations  of 
the  earth. 

Betwe^i  the  months  of  January  and  April  the  needle  re- 
cedes from  the  N.  pole  of  the  globe  so  that  its  western  declination 
increiases. 

From  April  to  the  beginning  of  July,  that  is,  from  the  vernal 
equinox  to  the  summer  solstice,  the  declination  diminishes  or  tiie 
needle  approaches  the  N.  pole  of  the  globe. 

From  the  sunmier  solstice  to  the  vernal  equinox,  the  needle 
reoeding  from  the  N,  pole  returns  to  the  W.,  so  that  in  October  it 
has  nearly  the  same  position  as  in  May ;  and  betwean  October  and 
March  the  western  motion  is  smaller  than  in  the  three  preceding 
months.  Hence  it  follows  that  during  the  three  months  between 
the  vernal  equinox  and  the  simimer  solstice  the  needle  retrogrades 
towards  E.,  and  during  the  following  nine  months  its  general 
motion  is  towards  W. 

(h)  DaHy  Changes  in  the  Foreo^tcwM.— *This  was  first  observed  in 
17*4,  by  Mr.  Graham^  and  has  been  confirmed  with  the  most 
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accurate  instruments  in  almost  ereiy  part  of  ih»  world.  Sabine 
has  arranged  and  presented  together  (Fhdl.  Tram,,  1851)  the  vai4« 
aticms  which  the  declination  undergoes  at  every  hour  of  the  day 
at  the  four  colonial  observatories  established  by  the  British 
Goyerament  j  viz.,  at  Toronto,  from  three  years'  observation ;  at 
Hoharton,  firom  five  years'  observation ;  at  the  Cape  of  Good 
Hope,  from  live  years'  observation ;  and  at  St.  Helena,  from  thiee 
yeaars'  observation.  The  range  of  variation  at  all  the  four  stations 
is  confflderably  gveater  during  the  hours  of  the  day  than  during 
those  of  tihe  night,  and  a  great  similarity,  though  not  a  perfect 
identity,  m  observed  at  all  the  stations  in  the  relative  amount  of 
the  range  at  different  hours.  It  further  appears  that  the  amount 
does  not  progressively  enlarge  to  a  maximum  at  or  about  noon 
when  the  sun's  altitude  is  greatest,  or  at  the  early  hours  of  the 
afternoon  when  the  temperature  is  greatest,  but  that  at  all  the 
stations  the  increase  in  the  range  is  moat  rapid  in  the  first  ojt  second, 
hour  afler  sunrise,  and  that  its  ezt^it  at  the  hours  from  7  to.  9,  a.m. 
is  not  exceeded  at  any  subsequent  hour  at  Hobarton,  the  Gape, 
and  St  Helena,  whilst  at  Toronto  the  great  enlargement  takes  place 
even  earlier,  the  hours  of  6,  7,  and  8  A.?!,  being  exceedfed  by  none, 
though  they  are  e(q^uaUed  by  a  second  increase  at  noon  and  the 
two  following  hours.  The  second  enlargement  is  perceptible  at  th^ 
same  hour  at  Hobarton  and  St.  Helena. 

From  a  series  of  observaticms  taken  every  two  hours,  day  and 
night,  for  between  two  and  three  years,  at  the  Dublin  Observatory, 
imder  the  direction  of  Professor  Lloyd;  it  appears  that  the  mea^ 
daily  curve  of  the  changes  of  decUnation  toy  the  entire  year 
exhibits  a  small  easterly  movement  of  the  1^.  end  of  the  magnet 
during  the  morning  hours,  which  reaches  its  maximum  about 
7  A.x. ;  after  that  hour  the  N.  end  moves  rapidly  W.,  and  reaches 
its  extreme  westerly  position  at  i  hr.  10  m.  p.m:.  It  then  returns 
eastward,  but  less  rapidly^  the  easterly  deviation  becoming  a  maxi- 
mum about  >o  p.M.y  the  inean  daily  range  being  equal  to  9'  8'', 
During  th^  summer  months  the  morning  maximum  at  7  a^x.  is 
more  marked }  the  evening  maximum  on  the  contrary  disappears, 
there  being  a  slow  and  regular  n^ovement  of  the  N.  end  to  the 
eastward  from  7  p.m.  until  7  a.m,  Jn  winter,  on  the  other  hand, 
the  evening  maximum  is  well  defined  and  the  morning  maximum 
disappearSi  there  being  a  slow  and  regular  westerly  movement  until 
9  A.x.y  after  which  the  movement  becomes  more  rapid  in  the  same 
direction.  The  epoch  of  the  extreme  westerly  position  of  the 
magnet  is  nearly  the  same  throughout  the  year.  The  greatest  daily 
chiwge  in  summer  is  about  %  3'  7'^ ;  the  least  range  iu  winter  about 
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(80)  The  Maraetie  Bqnator. — Th^  is  an  irregular  line 
crossing  the  terrestrial  equator  at  fourpoints,  as  shown  in  Fig.  107, 

where  the  black  line  w  E  is 
intended  to  represent  the  real 
equator,  and  the  dotted  line 
K  K  K  the  magnetic  equator, 
crossing  the  former  at  four 
points  instead  of  two,  and 
showing  the  evident  existence 
of  some  great  disturbing  cause. 
.•The  magnetic  equator,'  ob- 
serves M.  Duperrey  {Annedet  de 
Chimxe,  1830),  will  meet  the  eqai- 
noctial  line  only  in  two  points 
which  are  diametrically  opposite, 
the  one  situated  in  the  Atlantic 
Ocean,  and  the  other  in  the  Great  Ocean  nearly  in  the  plane  of  the  meridian 
of  Paris.  When  this  equator  meets  only  some  scattered  islands,  it  recedes 
only  a  little  from  the  equinoctial  line ;  when  the  islands  are  more  numerous,  it 
recedes  further;  and  it  reaches  its  maximum  deviation  in  both  hemispheres, 
only  in  the  ts^o  great  continents  which  it  traverses.  It  is  found,  also,  that 
between  the  northern  and  southern  halves  of  the  magnetic  equator  there  is 
a  symmetry  very  remarkable  and  much  more  perfect  than  had  previously 
been  believed. 

*  The  dip  of  the  needle  increases  on  each  side  of  the  magnetic  equator ;  and 
Hansteen  has  projected  lines  of  equal  dip  in  his  chart.  These  lines  are 
nearly  parallel  to  the  magnetic  equator  till  we  reach  60°  north  latitude,  they 
then  begin  to  bend  round  the  American  magnetic  pole,  which  Sir  James 
Clark  Ross  found  to  be  situated  in  N.  latitude  jcP  5'  17'',  and  in  W.  longitude 
96^  45'  48'^  the  needle  having  at  this  point,  in  Boothia  Felix,  Tost  wholly  its 
directive  power,  and  the  dip  being  89°  59'  within  one  minute  of  90P  or  ver- 
tical. Had  we  inferred  the  position  of  the  needle  from  the  form  of  the 
magnetic  equator,  we  should  have  placed  it  in  25^  of  W.  longitude ;  viz.,  the 
meridian  on  which  the  magnetic  equator  advances  further  to  the  S.,  or  about 
I3i<^,  and  jS^^  of  N.  latitude,  or  90-1 3^^.  This,  however,  as  all  Arctic 
observations  prove,  is  not  the  case,  and  we  are  led  by  the  phenomena  of  the 
dip,  as  well  as-  by  those  of  the  variations  in  different  parts  of  the  globe,  to 
conclude  that  every  place  has  its  own  magnetic  axis,  with  its  own  pole,  and 
its  own  equator.' 

(8i)  Terrestrial  Magnetic  Zntensity.  — If  a  needle  verbose 
axis  of  suspension  passes  through  its  centre  of  gravity,  and  which 
has  its  N.  and  S.  polar  magnetism  equal  and  similarly  distributed, 
be  made  to  vibrate,  by  turning  it  from  its  position  and  allowing  it 
to  recover  that  position  by  a  series  of  oscillations,  it  is  evident 
that  the  magnetism  of  the  earth  will  act  with  equal  force  on  each 
half,  and  that  the  needle  will  be  drawn  into  the  magnetic  meri- 
dian by  the  combined  action  of  both  forces.  The  greater  th^ 
magnetic  force,  the  more  quickly  will  the  needle  oscillate  and 


Digitized  by 


Google 


TBBKESTIIIAL  MA,GNETIC   INTENSITY.  1 35 

recover  its  primitive  position.  The  tieedle  is  in  short  in  the  same 
circumstances  as  a  pendulum  oscillating  by  the  action  of  gravity ; 
and,  as  in  this  case,  the  forces  are  as  the  squares  of  the  numbers  of 
oscillations  made  in  the  same  time. 

Suppose  a  dipping  needle  be  made  to  oscillate  in  the  plane  of 
the  magnetic  meridian  roxmd  the  line  of  dip,  and  that  when  ^m 
experiment  is  made  at  the  equator  the  number  of  oscillations  in  a 
second  is  24,  while  in  another  place  it  is  25  ;  then  the  intensity  of 
the  magnetic  force  at  these  places  is  as  25^  to  24^,  or  as  625t0576, 
or  as  1*085  to  I '000.  By  carrying  the  same  needle  to  different 
parts  of  the  earth,  the  magn^ic  intensity  at  these  places  will  be 
found  from  the  number  of  oscillations.* 

The  magnetic  intensity,  like  the  variation  and  dip  of  the  needle, 
undergoes  diurnal  and  monthly  changes.  Haftsteen  found  that 
the  minimum  of  daily  change  of  intensity  is  between  10  and  1 1  A.H., 
and  the  maximum  between  4  and  7  p.m.  in  May,  and  about  7  p.m. 
in  June.  ■  The  intensity  is  a  maximum  in  December  and  a  minimum 
in  June.  The  greatest  monthly  change  in  the  intensity  is  a  maxi^- 
mum  in  the  months  of  December  and  June,  about  the  time  when 
the  earth  is  in  its  perihelion  and  aphelion.  It  is  a  minimum  near 
the  equinoxes  or  when  the  earth  is  at  its  mean  distance  from 
the  sun.  The  greatest  daily  change  is  least  in  the  winter  and 
greatest  in  the  summer.  The  greatest  difference  of  the  annual 
intensity  is  0*0359.  Hansteen  likewise  foxmd  that  the  magnetic 
intensity  is  diminishing  in  Europe,  and  that  the  decrease  is  greater 
in  the  northern  and  eastern  than  in  the  southern  and  western  parts, 
an  effect  which  he  conceives  to  be  produced  by  the  motion  of  the 
Siberian  pole  towards  the  E. 

From  the  researches  of  Sabine  and  others,  if  appears  that  there 
are  two  foci  or  points  of  maximum  force  in  each  hemisphere  round 
which  the  iso-dynamic  lines  (lines  of  equal  magnetic  force)  circu- 
late in  an  ovate  form ;  these  foci  are  not  of  equal  force  in  either 
hemisphere ;  the  focus  of  greater  intensity  in  the  northern  hemi- 
sphere is  in  North  America,  in  the  vicinity  of  the  SW.  shores  of 
Hudson's  Bay,  in  52°  19'  N.  latitude,  the  intensity  being  i*88  ; 
the  weaker  force  is  in  the  north  of  Siberia,  about  120°  of  east  lon- 
gitude from  Greenwich,  with  an  intensity  of  176.  The  principal 
maximum  focus  in  the  southern  hemisphere  was  found  by  Sir 
James  Boss,  in  1840-3,  in  about  the  meridian  of  134°  E.,  and  a 
few  degrees  N.  of  the  Antarctic  circle,  while  the  weaker  maximum, 
according  to  Sabine,  is  about  130°  W.  The  ratio  of  the  magnetic 
force  at  the  major  focus  in  North  America,  as  determined  by 

*  For  a  description'  of  Harris's  *  Magnetometer  of  Oscillations,*  see  Edinb. 
Phil,  Tram,  vol.  xiu.  pt.  i.,  and  Trans.  Royal  Soc,  1831. 
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Lefroy^  is  1 3*9,  at  the  minor  focus  in  Siberia^  from  tite  observations 
of  Hansteen  and  Due,  i3'3 ;  at  St.  Helena,  wLicli  is  the  weakest 
part  of  the  line  of  least  intensity,  its  value  is  6*4.  At  London 
at  the  present  time  the  magnetic  intensity  is  10*31.  The  unit  of 
force  in  this  scale  is  that  amount  of  magnetic  force  which  acting 
on*  the  unit  of  mass  through  the  unit  of  time  generates  in  it  the 
unit  of  velocity,  and  the  units  are  taken  respectively  as  a  gndn,  a 
second,  and  a  foot  British  measui^. 

(82)  BCaffnetlo  Storms. — This  term  was  applied  by  Hum- 
boldt to  certain  fitful  agitations  of  the  needle  which  he  was  the 
first  to  notice  at  Berlin  in  1806.  The  phenomenon  has  since  much 
engaged  the  attention  of  magneticians.  In  18 18  a  magnetic  storm, 
shown  by  a  violent  agitation  of  the  needle,  took  place  simultane- 
ously over  47°  of  longitude;  and  on  the  15th  of  September,  1841, 
one  of  these  storms  was  simultimeously  observed  at  Toronto,  at 
the  Cape  of  Good  Hope,  Prague  in  Europe,  and  Macao  in  China, 
and  there  is  reason  to  believe  that  it  extended  to  Van  Dieman's 
Land.  Similar  storms  have  happened  simultaneously  in  Sicily 
and  at  Upsala  in  Sweden. 

Magnetic  storms  are  always  accompanied  by  aurorse  and  earth 
currents,  that  is,  currents  of  electricity  which  traverse  the  surface 
of  our  globe,  a  portion  of  which  is  caught  up  by  the  telegraphic 
wires,  frequently  occasioning  serious  disturbance  in  their  com- 
munications. 

It  is  the  opinion  of  magneticians  that  the  sun  is  the  agent  which 
causes  the  disturbances.  Professor  Schwabe  of  Dessau  has  now 
for  nearly  forty  years  been  watching  the  disc  of  the  sun  and  re- 
cording the  groups  of  spots  which  have  been  visible,  and  he  finds 
that  these  have  a  period  of  maximum  nearly  every  ten  years,  two 
of  these  periods  being  the  years  1848-18  $9.  Now  it  was  likewise 
found  by  General  Sabine  that  the  aggregate  value  of  magnetic 
disturbances  at  Toronto  attained  a  maximum  in  2848,  nor  was  he 
slow  to  remark  that  this  was  also  Schwabe's  period  of  maximum 
sun  spots,  and  it  was  afterwards  found  by  observations  made  at 
Kew  that  1859  (another  of  Schwabe*s  years)  was  also  a  year  of 
maximiun  magnetic  disturbance.  'There  is  some  reason,'  observes 
Balfour  Stewart  (Pro,  Royal  Inst,  vol.  iv.  part  i.  p.  57),  'to  be- 
lieve that  on  one  occasion  our  luminary  was  caught  in  the  very 
act.  On  the  ist  of  September,  1859,  two  astronomers,  Messrs. 
Carrington  and  Hodgson,  were  independently  observing  the  sun's 
disc,  which  exhibited  at  that  time  a  very  bright  spot,  when  about 
a  quarter  past  eleven  they  noticed  a  very  bright  star  of  light  sud- 
denly break  out  over  the  spot  and  move  with  great  velocity  across 
the  sun's  surface.    On  Mr.  Carrington  referring  afterwards  to  Kew 
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Observatory,  at  which  place  the  position  of  the  magnet  is  recorded 
continuously  by  photography,  it  was  found  that  a  magnetic  dis- 
turbance had  broken  out  at  the  very  moment  when  this  singular 
appearance  had  been  observed.' 

With  respect  to  the  bond  which  connects  sun-spots  with  mag- 
netic disturbances,  no  conjecture  has  been  formed;  but  the  fact,  as 
Stewart  observes,  *  is  eminently  suggestive,  and  brings  us  at  once 
into  the  presence  of  some  great  cosmieal  bond  different  &om  gravi- 
tation, adding,  at  the  same  time,  new  interest  and  mystery  to  these 
perplexing  phenomena.' 
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PART  III. 

ELECTEO-PHYSIOLOGY. 


The  Discovery  of  Galvani — The  Discovery  of  Volta— The  Researches  of 
Matteacd  and  Da  Bois  Reymond — Electric  Fishes — Electricity  oi  Plants. 

(83)  tee  BisooTerj  of  CtalTani. — That  remarkable  form  of 
electricity  known  by  the  name  of  galvanism^  or  galvanic  electricity, 
is  said  to  owe  its  origin  to  an  accidental  circumstance  connected 
with  some  experiments  on  animal  irritability  which  were  being 
carried  on  by  M.  Galvani^  a  professor  of  anatomy  at  Bologna,  in 
the  year  1790. 

'  It  may  be  proved,*  says  Arago,  *  that  the  immortal  discovery  of  the  Vol- 
taic pile  arose  in  the  most  immediate  and  direct  manner  from  a  slight  cold 
with  which  a  Bolognese  lady  was  attacked  in  1790,  for  which  her  physician 
prescribed  the  use  of  frog  broth.* 

'When  one  of  Galvani*8  pupils,*  writes  the  author  of  the  article,  *  Voltaic 
Electricity  *  in  the  Encyclop4Bdia  Britawnca^  'was  using  an  electrical  machine, 
a  number  of  frogs  were  lying  skinned  on  an  adjoining  table  for  the  purpose 
of  cookery.  The  machine  being  in  action,  the  young  man  happened  to 
touch  with  a  scalpel  the  nerve  of  the  leg  of  one  of  the  frogs,  when  to  his  sur- 
prise the  leg  was  thrown  into  violent  convulsions.' 

'A  person  acquainted  with  the  well  known  laws  of  induced  electricity,' 
writes  Dr.  Thomas  Young  (^Lecture*  on  Natural  Philomjphy)^  *  might  easily 
have  foreseen  this  effect.' 

'Luckily  for  the  progress  of  science,*  observes  Dr.  Lardner  (^Cabinet 
Cyd&padia\  'Galvani  was  more  of  an  anatomist  than  an  electrician,  and  he 
beheld  with  sentiments  of  unmixed  wonder  the  manifestations  of  what  he 
believed  to  be  a  new  principle  in  the  animal  economy.  ....  Chance 
now  came  upon  the  stage.  In  the  course  of  his  researches,  he  had  occasion 
to  separate  the  legs,  thighs,  and  lower  parts  of  the  body  of  the  frog  from 
the  remainder,  so  as  to  lay  bare  the  lumbar  nerves.  Having  the  members 
of  several  frogs  thus  dissected,  he  passed  copper  hooks  through  part  of  the 
dorsal  column  which  remained  above  the  junction  of  the  thighs  for  the  con- 
venience of  hanging  them  up.  In  this  manner  he  happened  to  suspend 
several  upon  the  iron  balcony  in  front  of  his  laboratory,  when  to  his  inex- 
pressible astonishment  the  limbs  were  thrown  into  strong  convulsions.  No 
electrical  machine  was  now  present  to  exert  any  influence.' 

It  would  appear,  however,  from  documents  in  the  possession  of 
the  Institute  of  Bologna,  that  Galvani  was  occupied  with  experi- 
ments on  the  contractions  of  the  muscles  of  frogs  at  least  twenty 
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years  before  the  publication  of  his  famous  '  Commentary y  and  that 
he  was  not  unacquainted  with  electricity  may  be  inferred  from  his 
suggestion  that  the  contraction  of  the  frog  may  be  explained  by 
the  '  return  shock/  and  to  his  having  written  a  Latin  memoir  on 
electrical  light  in  air  of  different  densities  \  and  as  for  his  feeling 
surprised  on  observing  the  contraction  of  a  prepared  frog  when  a 
spark  from  an  electrical  machine  was  taken  to  it,  it  is  unfair  to  ques- 
tion his  electrical  knowledge  from  this  fact ;  any  other  philosopher^ 
as Matteucci  {Ph^nom^nes^lectrO'pkf/siologiqties  de8Animatu:)2u.stly 
observes^  would  at  that  time  have  felt  surprised  on  witnessing  the 
phenomenon  for  the  first  time. 

The  first  experiment  with  a  metallic  arc  is  descnbed  in  the  third 
part  of  Galvani's-  Commentary,  The  note  in  which  it  is  found 
registered  bears  date  Sept.  zo,  1786,  and  contains,  in  Galvani's 
own  handwriting,  the  words  *  Experiments  on  the  Eledricity  of 
Metals: 

The  primary  fact  of  the  contraction  of  the  frog  suspended  by  a 
copper  hook  from  an  iron  stem  in  the  neighbourhood  of  an  electrical 
machine  in  action,  was  studied  by  Galvani  with  great  care.  He 
observed  that  the  contractions  took  place  when  the  extremities  of 
a  metallic  arc,  formed  of  two  different  metals  united  together, 
touched  at  one  point  the  nerves  and  at  the  other  the  muscles  of 
the  fix)g.  In  two  parts  of  his  Commentary,  Galvani  insists  on  the 
advantage  in  this  experiment  of  employing  a  metallic  arc  composed 

Fig.  108. 


of  two  different  metals  instead  of .  one.  He  also  states  that  the 
contractions  may  be  obtained  by  uniting  with  a  metallic  arc  two 
capsules  filled  with  water,  in  which  the  frog  is  so  disposed  as  to 
have  its  lumbar  nerves  in  one  of  the  capsules  and  its  legs  in  the 
other,  as  shown  in  Fig.  108. 

(84)  CkUTanl's  Tbeory  of  JLnlmal  Blectriolty.  —  Galvani 
supposed  the  existence  of  an  animal  electricity ;  a  nervous  Huid 
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Fig.  109. 


condensed  in  the  interior  of  the  muscle.  The  nerve,  according  to 
his  view,  was  only  the  conductor  of  the  dischargfe  of  the  two  Web- 
tricities contained  in  the  muscle ;  and  in  one  part  of  his  Comment 
tary  he  expressly  says  (Matteucci)  that  many  of  the  contractiona 
ohtained  with  the  metallic  arc  are  due  to  the  arc  Utelf.  To  explain  the 
action  of  the  electrical  current  in  |»x)ducing  muscular  coutraetioBs, 
Galvani  supposed  that  a  change  was  determined  in  parts  of  the  hrai|i. 
(85)  Tbe  CHOraBosooplo  rroff. — ^To  exhibit  the  experiments 
with  the  frog's  legs  generally,  the  legs  of  l^e  firog  are  to  he  left 
attached  to  the  spine  by  the  crural  nerves  alone,  and  then  a  copper 

and  a  zinc  wire  being  either 
twisted  or  soldered  together  at 
one  end,  the  nerves  are  to  be 
touched  with  one  wire  while 
the  other  is  to  be  applied  ta 
the  muscles  of  the  leg.  The 
arrangement  is  shown  in  Fig. 
1 09.  The  frog  is  prepared  for 
galvanoscopic  experiments  in 
the  following  manner: — A 
Hving  animal  is  selected,  two- 
thirds  of  the  body  just  below 
the  front  paws  are  cut  off,  and  the  hind  legs  and  pelvis  with  a 
piece  of  the  spinal  cord  are  preserved  and  skinned )  then  by  intro* 

Fig.  no. 


ducing  the  scissors  between  the  lumbar  nerves  and  the  pelvis, 
and  cutting  the  latter  in  two  places,  we  obtain  the  frog  prepared 
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«^%0r  GahtmCs  pitm.  It  is  skowa  in  Fig.  no.  In  order  to  employ 
tiie  frog  in  liie  studj  of  l^e  electric  current^  the  latter  must  be 
passed  along  the  nervons  filaments  alone  of  the  firog.  For  this 
purpose  the  frog,  prepared  as  in  Eig.  i  lo,  is  cut  in  half,  the  bone 
and  muscles  of  the  thigh  are  removed,  preserving  its  nerve  un- 
toadied.  In  this  maimer  we  obtain  a  frog's  leg  to  which  is  attached 
&  long  nervous  filament,  composed  of  the  lumbar  portions  of  the 
pelvis  and  the  crural  portion  of  the  thigh.  We  have  only  to  intro- 
duce this  leg  into  a  tube  of  varnished  glass  to  obtfun  an  instrument 
Y^oy  sensible  to  the  passage  of  an  electrical  current.  It  is  shown 
in  Fig.  in. 

Fig.  ui. 


To  emcploy  litis  Idiid  of  galvanoscope  tiie  g^ass  tube  is  taken  by 
the  «id  opposite  to  that  into  whi^  the  leg  of  the  frog  has  been 
introdueed,  and  the  nervous  filament  which  is  hanging  outside  the 
tube  is  made  to  touch  the  two  points  of  the  electromotive  element 
lliat  we  desire  to  study.  When  the  nervous  filament  is  traversed  by 
an  ^ectric  euitent,  the  leg  is  seen  instantly  to  contract  Two  pieces 
of  moistened  paper  may  be  placed  on  the  two  points  of  the  electro- 
motive element  ta  avoid  any  irritation  of  the  nerve  by  direct  contact. 

(96)  Ylw  9taooTory  ef  Volta* — The  first  philosopher  who 
repeated  the  experiments  of  Galvani  was  the  celebrated  Yolta. 
Having  verified  the  sensibiUty  of  the  frog  to  electricsl  discharge, 
he- applied  hims^  to  the  experiments  with  the  metallic  arc; 
he  ascertained  that  the  contractions  ensued  simply  on  touching 
with  the  extremities  of  the  metallic  arc  two  points  of  the  nervous 
filaments ;  he  discovered  that  it  was  possible  with  the  metallic  arc 
to  produce  sometimes  the  sensation  of  light,  sometimes  that  of 
taste,  by  applying  it  to  the  nerves  of  the  eye  or  tongue ;  and  from 
all  his  experiments  he  drew  the  conclusion  that  the  muscular  con- 
tractions were  produced  by  the  irritation  of  the  nerves ;  that  this 
irritation  may  produce  sometimes  acMations,  sometimes  contractions  *y 
and  that,  lastly,  this  irritation  by  the  metallic  arc  was  occasioned 
by  Ihe  electric  current  developed  by  that  arc. 

Yolta  imagined  that  by  the  contact  of  any  two  heterogeneous  con- 
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ductors,  an  action  is  developed  by  whicH  the  two  bodies  become 
iiharged  with  contrary  electricities  which  may  discharge  themselves 
across  a  third  not  possessing  the  same  action  as  the  other  two. 

When  it  was  objected  to  this  hypothesis  that  a  homogeneous 
metallic  arc  was  sufficient  to  cause  contractions  in  the  frog,  Volta 
replied  that  very  small  differences  in  the  extremities  of  the  arc 
were  sufficient  to  produce  an  electric  current,  and  that  a  very 
feeble  current  may  irritate  the  nerve  of  a  fix)g  sufficiently  to  excite  . 
contractions.  Thus  he  fouiid  that  when  one  extremity  of  a 
metallic  arc  was  heated  and  the  other  noty  when  one  end  was 
polished  and  the  other  not,  sufficient  heterogeneity  was  occasioned 
to  excite  a  current.  In  vaii^  did  Galvani,  Humboldt,  Aldini,  and 
others,  oppose  to  Volta  the  fact  that  without  any  metallic  arc  the 
frog  may  be  made  to  contract,  viz.  by  simply  bendmg  back  the 
limb  and  bringing  it  into  contact  with  the  lumbar  nerves ;  Volta 
replied  that  it  was  only  to  generalise  his  theory  of  electromotive 
force )  that  it  was  only  necessary  to  say  that  the  nerves  and  muscles 
of  the  frog  act  as  the  two  metals  of  the  arc,  in  order  to  explain  the 
facts  submitted  by  the  partisans  of  Galvani. 

Up  to  this  time  the  development  of  electricity  by  the  contact  of 
heterogeneous  metals  was  only  a  hypothesis  of  Volta's.  It  was  in 
the  month  of  August,  1796,  that  he  obtained,  by  means  of  the 
condenser,  the  first  signs  of  electricity  developed  by  the  contact  of 
two  metals,  and  thus  laid  the  foundation  of  his  immortal  discovery 
of  the  pile.  The  influence  of  this  discovery  over  nearly  all  the 
sciences,  and  the  rapidity  with  which  it  spread,  caused  all  opposi- 
tion on  the  part  of  Galvani  to  fall  into  oblivion,  and  for  fifty  years 
no  one,  save  in  a  historical  work,  ventured  to  make  any  mention 
of  animal  electricity. 

(87)  Matteucol's  Researoliesi  Tbe  Musenlar  Xlectrlo 
Current. — Proof  of  the  existence  of  an  electric  current  circulating 
through  the  muscles  of  a  living  animal  is  obtained  by  introducing 
into  a  wound  formed  in  a  muscle,  the  nerve  of  a  prepared  frog  in 
such  a  manner  that  the  extremity  of  the  nerve  shall  touch  the 
bottom  of  the  wound,  and  another  part  the  edge,  the  frog*s  leg 
instantly  contracts.  The  muscular  current  may  be  detected  in 
animals  some  time  after  death,  but  when  it  has  once  ceased  it  cannot 
again  be  renewed.  It  is  found  in  warm  as  well  as  in  cold  blocded 
animals. 

Matteucci  constructed  a  musctdar  pile  with  which  he  succeeded 
in  giving  considerable  deflection  to  the  needle  of  the  galvanometer. 
It  was  formed  thus.  Five  or  six  frogs  were  prepared  and  cut  in 
half  after  Galvani's  plan,  great  care  being  taken  not  to  injure  the 
muscle.    The  thighs  were  then  cut  in  half,  and  so  disposed  that 
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each  half  thigh  should  touch  the  following^  the  faces  of  each  turn^ 
ing  the  same  way,  and  the  interior  of  one  coming  into  Contact  with 
the  exterior  of  the  next ;  so  that  one  of  the  extremities  of  the  pile 
was  formed  of  the  interior  of  the  muscle  whUe  the  other  extremity 
was  formed  of  the  surface.  On  completing  the  circuit  through  the 
galvanometer,  a  deviation  of  the  needle  was  obtained  amounting 
to  1 5°,  ao°,  30**,  40**,  60®,  according  to  the  number  of  half  thighs  ; 
if  the  frogs  were  sufficiently  active,  a  deviation  of  2®  and  4®  was 
obtained  with  two  elements ;  of  6°  or  8®  with  four  elements ;  of 
10®  or  12°  with  six  elements,  and  so  on,  the  direction  of  the  cur- 
rent being  from  the  interior  of  the  muscle  to  the  surface. 

Similar  experiments  were  made,  with  slices  cut  from  eels, 
tenches,  and  other  fish ;  piles  were  also  built  up  with  slices  of 
muscle  cut  from  pigeons,  chicken,  oxen,  sheep,  &c.,  and  ample 
evidence  was  obtained  to  prove  that  whenever  the  interior  of  the 
muscle  of  a  recently  killed  animal  is  brought  into  conducting  con- 
tact vnth  the  surface,  an  electrical  current  is  established  from  the 
interior  to  the  surface,  the  intensity  varying  with  the  animal,  and 
increasing  in  proportion  to  the  number  of  elements  of  which  the 
pile  is  composed.  It  appears  also  from  Matteucci's  experiments, 
that  the  lower  the  animal  in  the  scale  of  creation,  the  greater  is 
the  intensity  and  the  longer  the  duration  of  the  muscular  current; 
thus  from  three  piles,  each  of  eight  elements,  one  formed  of  muscle 
of  rabbit,  the  second  of  muscle  of  pigeon,  and  the  third  of  muscle 
of  frogs,  deviations  of  the  galvanometer  needle  of  8**,  14®,  and  22** 
were  obtained.  One  hour  after  all  signs  of  an  electric  current  had 
disappeared  from  the  r(Mit  pile,  a  deviation  of  2°  or  3®  was  ob- 
tained fi^m  the  pigeon  pile,  and  one  of  8®  or  10®  from  the^rw/ 
pile ;  and  even  after  the  lapse  of  24  hours,  a  deviation  of  2^  or  3^ 
was  obtained  from  the  latter. 

The  muscular  pile  acts  equally  well  in  atmospheric  air,  in  oxygen, 
in  highly  rarefied  air,  in  carbonic  acid,  and  in  hydrogen',  in  the 
latter  gas  the  needle  of  the  galvanometer  remains  stationary  for 
several  hours.  This  nullity  of  the  action  of  the  different  gases  is 
considered  by  Matteucci  to  prove  that  the  origin  of  the  current  is 
in  the  muscle  itself;  and  that  it  is  to  the  organisation  of  the  muscle 
and  to  the  chemical  actions  going  on  within  its  very  structure  that 
the  current  depends,  he  considers  to  be  demonstrated  by  the  fact 
that  piles  built  up  of  Jibrine  separated  from  the  blood  of  recently 
killed  animalB,  produce  no  action  on  the  galvanometer,  and  do  not 
affect  the  galvanoscopic  frog. 

If  a  prepared  frog  be  placed,  as  shown  in  Fig.  108,  with  its 
lumbar  nerves  plunged  into  one  capsule  filled  with  water,  and 
vrith  its  legs  placed  in  another,  the  circuit  being  completed  through 
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the  galvanometer,  the  instrument  gives  evidence^  of  an  electrical 
current  passing  from  the  feet  towards  the  head  of  the  animaL    The 
effect  is  increased  when  several  frogs  are 
Fig.  I IX.  arranged  on  an  insulated  surface  in  the 

manner  shown  in  Fig.  112,  the  nerve  of 
each  frog  touching  the  legs  of  the  fol- 
lowing. Every  time  the  circuit  is  com- 
pleted the  needle  of  the  galvanometer 
moves  and  the  limbs  of  the  frogs  con- 
tract Matteucci  has  obtained  signs  of 
tension  at  the  two  extremities  of  his  mus- 
cular piles ;  by  the  aid  of  the  condenser 
he  has  also  obtained  electro-chemical 
decomposition  by  the  cunent  (Cofnptes' 
BenduSf  April  14,  1845). 

If  the  spinal  cord  of  a  prepared  frog 
be  brought  into  contact  with  Uie  muscles 
of  the  thigh,  contraction  takes  place. 
By  employing  a  galvanometer,  and 
touching  with  (me  pole  the  leg,  and  with 
the  other  the  thigh,  Matteucci  obtained 
indications  of  a  current  directed  from 
the  leg  to  the  thigh  and  from  that  by 
the  nerve  to  the  other  thigh. 

The  general  conclusions  deduced  by 
Matteucci  from  a  Icmg  course  of  experi- 
ments are  — 

I.  That  the  complete  electro-raotive  element 
of  the  current  of  the  frog  is  formed  by  one 
of  its  limbs,  that  is  to  say,  of  a  leg,  a  thigb, 
its  spinal  nerve,  and  a  piece  of  the  spine. 

2.  That  through  each  of  the  limbs  of  a  frog  there  circnlates  the  carrent  of 
the  other  limb,  whenever  the  two  legs  are  made  to  touch.    . 

3.  That  in  experiments  with  the  galvanometer  we  only  get  through  the 
wire  of  the  instrument,  the  current  which  results  from  t^e  sum  of  those  two 
portions  of  the  current  of  the  two  limbs  which  do  not  discharge  from  limb 
to  limb. 

Then  as  to  the  parts  of  the  frog  which  are  necessary  for  the 
production  of  what  Matteucci  calls  the  current  proper,  and  to  the 
circumstances  anatomical  and  physiological  according  to  which  its 
intensity  varies,  his  experiments  lead  him  to  the  following  con- 
clusions : — 

I.  That  the  current  proper  of  the  frog  persist*)  in  its  intensity  and  direction 
without  the  spinal  cord,  or  the  spinal  and  crural  nerves,  and  even  when  the 
animal  is  deprived  of  all  the  visible  nervous  filaments  of  the  muscular  mass 
of  the  thigh. 
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2.  That  the  electromotive  element  of  this  current  is  confined  to  the  muscles 
of  the  leg  and  of  the  thigh  organically  united. 

3.  When  there  is  left  in  the  prepared  frog  the  spinal  cord,  its  nerve?,  and 
their  ramifications  through  the  muscles,  these  nervous  parts  act  in  the  pro- 
duction of  the  current  in  the  same  manner  as  the  muscular  substance  of  the 
thigh. 

(88)  Ou  Sols  Reymond's  Researobes. — According  to  Du 
Bois  Reymond  (Ann.  der  Phi/sick  und  Che^nicj  Bd.  Iviii.),  elec- 
trical currents  in  all  respects  similar  to  the  so-called /ro^  current 
may  be  observed  in  the  limb  of  any  animal^  "whether  cold  or 
warm  blooded  5  these  currents  in  some  limbs  are  directed  upwards, 
as  in  the  frog*s  leg ;  in  others  they  are  directed  downwards ;  they 
are  of  different  intensities  in  different  limbs ;  but  their  intensity 
and  direction  are  always  the  same  in  the  same  limb  of  different 
individuals  of  the  same  species. 

The  electromotive  action  on  which  these  currents  depend  does 
not,  according  to  Du  Bois  Reymond,  arise  from  the  contact  of 
heterogeneous  tissues,  as  Volta  supposed,  for  the  different  tissues, 
the  nerves,  muscles,  and  tendons,  are  in  an  electrical  point  of  view 
quite  homogeneous,  but  they  are  produced  by  the  muscles. 

If  the  undissected  muscle  of  any  animal  be  brought  into  the  cir- 
cuit longitudinally,  it  generally  exhibits  an  electromotive  action, 
the  direction  of  which  depends  on  the  position  of  the  muscle  on 
the  ends  of  the  galvanometer  circuit. 

By  longitudinal  section  of  a  muscle,  Du  Bois  Reymond  under- 
stands a  surface  formed*  only  by  the  sides  of  the  fibres  of  the 
muscles  considered  as  prisms.  By  transverse  section  of  the  muscle^ 
he  understands  a  surface  formed  by  the  base  of  the  fibres  of  the 
muscles  again  considered  as  prisms.    Both  the  transverse  and  the 

Fig.  113. 


longitudinal  section  may  be  either  artificial  or  natural  ones.  Thus, 
in  Fig.  1 13,  a  section  through  a  h  would  be  an  artificial  transverse 
one,  and  a  section  through  c  c?  an  artificial  longitudinal  one. 
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A  natural  transverse  section  is  at  each  end  of  the  muscle  formed 
by  the  ends  of  all  the  fibres,  and  hidden  beneath  a  coating  of 
tendinous  tissue,  which  is  in  connection  with  the  tendon  itself, 
and,  in  an  electrical  point  of  view,  plays  the  part  of  an  indifierent 
conducting  body  (e,  /,  ^,  h  in  the  figure).  The  natural  Umgitudincd 
section  of  the  muscle  is  that  part  of  its  external  surface  which 
extends  from  one  natural  transverse  section  to  the  other,  being 
free  from  the  tendinous  coating,  and  exhibiting  the  red  colour 
peculiar  to  muscles  (/,  A,  c,  g  in  the  figure). 

The  law  of  the  muscular  current  may  be  shortly  expressed  as 
follows : 

Any  point  of  the  natural  or  artificial  longitudinal  section  of  the  muscle 
is  positive  in  relation  to  any  point  of  the  natural  or  artificial  transverse 
section; 

It  is  easy,  therefore,  to  understand  why  the  muscular  current 
in  one  instance  appears  to  be  an  upward  and  in  another  a  down- 
ward one,  according  as  the  under  or  the  upper  of  the  two  transverse 
sections  is  made  to  touch  one  of  the  ends  of  the  galvanometer  wire, 
while  the  other  end  is  applied  to  the^  longitudinal  section  of  the 
muscle.  Again,  according  to  this  law,  every  particle  of  a  muscle, 
however  minute,  ought  to  produce  a  current  in  the  same  manner 
as  the  whole  muscle,  or  as  a  larger  piece  of  it.    This  consequence 

Fig.  114. 


mmmmmmmmmmmmmtti 


+        + 

is  true,  even  as  regards  shreds  of  muscle  consisting  of  only  a  few 
primary  fibres.  Fig.  114  represents  the  simplest  case  of  the  mus- 
cular current  observed  by  Du  Bois  Reymond,  .the  primary  fibres 
being  magnified  75  times. 

The  nerves,  according  to  Du  Bois  Reymond's  observations,  are 
possessed  of  an  electromotive  power  which  acts  according  to  the 
same  law  as  the  muscles.  Whilst  still  in  organic  connection  with 
the  muscles,  and  forming  part  of  a  circuit  in  which  the  muscles 
give  rise  to  a  current,  the  nerves  simply  play  the  part  of  an  in- 
active conductor,  provided  their  own  current  be  prevented  from 
entering  the  circuit. 

In  these  delicate  investigations  it  is  necessary  to  guard  i^ainst 
errors  which  might  be  introduced  by  the  chemical  action  of  the 
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saline  solutions  on  the  animal  fluids.  Matteucci  employed  as  the 
terminals  of  his  galvanometer,  plates  of  amalgamated  zinc  plunged 
into  a  neutral  and  saturated  solution  of  sulphate  of  zinc^  a  liquid 
which;  whilst  it  is  an  excellent  conductor,  does  not  act  chemically 
on  animal  tissue.  Du  Bois  Keymond's  plan  consisted  in  laying 
the  muscle  or  nerve  to  be  experimented  upon  between  two  pads 
composed  of  numerous  layers  of  thin  filtering  paper  saturated  with 
the  saline  solution,  and  laid  over  the  edges  of  the  vessel  in  which 
the  platinum  terminals  of  the  galvanometer  were  immersed,  the 
animal  substance  not,  however,  being  in  direct  contact  with  the 
moistened  paper,  but  separated  from  it  by  a  small  piece  of  moistened 
bladder  soaked  in  white  of  egg ;  this  prevents  any  chemical  action 
between  the  saline  solution  and  the  animal  fluids,  but  does  not 
stop  the  current.  During  the  interval  between  the  experiments 
the  two  pads  are  connected  by  a  third,  the  object  being  to  keep 
the  circuit  closed,  and  allow  any  polarisation  of  the  platinum 
plates  that  may  have  taken  place,  to  neutralise  itself. 

(89)  Pbysiologrioal  Pbenomena  produced  by  a  Musole 
durlngr  Contraction. — If  the  nervous  filament  attached  to  the 
leg  of  a  prepared  frog  be  made  to  touch  the  thighs  of  another  frog, 
both  insulated,  and  if  the  lumbar  nerves  of  the  latter  be  touched 
with  a  voltaic  pair,  contraction  takes  place  not  only  in  the  muscles 
of  the  frog  touched,  but  also  in  the  leg  of  the  other.  The  same 
thing  happens  if  the  lumbar  nerves  be  irritated  with  a  pointed 
instrument,  contraction  always  taking  place  in  the  second  frog, 
provided  the  contraction  in  the  muscles  of  the  first  be  sufficiently 
strong.  The  same  experiment  may  be  successfully  performed  with 
a  rabbit.  Matteucci  found  that,  when  the  nerve  of  a  prepared 
frog's  leg  was  laid  on  the  bared  muscle  of  the  thigh  of  a  living 
rabbit,  and  the  latter  made  to  contract  by  a  pile,  contraction  was 
at  the  same  time  produced  in  the  leg  of  the  frog.  If  a  thin  plate 
of  an  insulating  substance  be  interposed  between  the  muscle  and 
the  nerve,  no  contractions  are  excited  in  the  second  frog,  but  they 
are  not  prevented  by  a  layer  of  thin  unsized  paper  j  the  phenomenon 
cannot  therefore  be  attributed  to  any  mechanical  action  exercised 
on  the  leg  by  its  nerves. 

Becquerel  supposed  that  at  the  instant  the  frog  contracts  there 
is  an  electrical  discharge  through  the  extremity  of  the  nerve  of 
the  leg  when  this  extremity  is  placed  on  the  muscle,  but  Du  Bois 
Rejonond  offered  another  explanation,  founded  on  the  following 
law: — 

*  Wheo  any  point  of  the  longitudinal  section  of  a  muscle  is  connected  by  a 
conductor  with  any  point  of  the  transverse  section,  an  electric  current  is 
esUblished  which  is  directed  in  the  muscle  from  the  transverse  to  the  longi- 
tudinal section ;  in  other  words,  the  real  seats  of  the  electromotive  action 
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are  not  only  the  separate  muscles  which  compose  the  limbs  but  the  separate 
fibres  which  compose  those  muscles.' 

If  the  transverse  and  longitudinal  section  of  a  muscle  be  in  any 
^ay  connected  by  the  nerve  of  the  prepared  limb,  a  current  will 
proceed  through  the  said  nerve  from  the  latter  section  to  the 
former.  This  current  announces  itself  by  the  contraction  of  the 
muscle  of  the  prepared  limb  on  first  making  contact.  The  con- 
tractions cease  when  the  cuiTent  is  fairly  established  in  the  nerve, 
and  on  breaking  the  circuit  they  are  a^ain  observed.  But  it  is 
not  on  the  closing  or  the  breaking  of  the  circuit  alone  that  the 
contractions  ai-e  produced  ;  every  sudden  fluctuation  of  the  current 
traversing  the  nerve  is  accompanied  by  contractions.  Applying 
this  to  the  observation  of  Matteucci,  we  find  that  the  current  of 
the  muscle  against  which  the  nerve  of  the  prepared  limb  rests 
circulates  through  the  said  nerve.  When  the  muscle  is  tetanised, 
this  current  is  diminished  at  each  convulsive  effort,  and  its  fluctua- 
tions are  answered  by  corresponding  contractions  of  the  prepared 
limb.  In  reply  to  this,  Matteucci  denies  that  the  nerve  touches 
two  portions  of  the  muscle  in  the  manner  described  by  Du  Bois 
Eeymond,  but  the  Paris  academicians  seem  to  have  been  satisfied 
with  the  explanation,  for  they  came  to  the  decision  that  the  above 
fundamental  fact  furnishes  a  direct  explanation  of  the  indttced  con^ 
traction  of  Matteucci. 

(90)  Action  of  the  Electric  Current  on  the  XTerres  of  tbe 
Senses. — ^The  electrical  current,  when  it  acts  on  the  nerves  of  the 
senses  only,  brings  into  play  the  special  action  appertaining  to  each 
of  these  nerves,  a  proof  that  the  electric  current  acts  merely  as  other 
stimulants. 

It  was  Volta  who  first  demonstrated  the  existence  of  a  sensation 
of  light  when  the  electric  current  traverses  any  point  of  the  optic 
nerve.  The  experiment  is  easily  made  by  touching  with  a  voltaic 
couple  the  eye  or  eyelid  and  the  tongue.  Whatever  may  be  the 
intensity  of  the  current,  it  is  only  the  sensation  of  light  that  is 
perceived.  If  we  reflect  that  this  sensation  may  be  produced  by 
a  very  feeble  current,  and  one  certainly  incapable  of  exciting  a 
muscular  contraction  sufiiciently  strong  to  shake  the  eye,  it  must 
be  admitted  that  the  effect  is  really  to  be  ascribed  to  the  excitation 
of  the  optic  nerve.  An  analogous  phenomenon  is  produced  when 
the  current  is  made  to  act  on  the  auditory  nerves.  Volta,  on 
applying  the  two  poles  of  a  pile  to  his  two  ears,  experienced  a 
hissing  or  jerking  noise,  which  continued  all  the  time  the  circuit 
remained  closed.  According  to  Ritter,  the  sensation  is  only  ex- 
perienced at  the  commencement  of  the  current,  and  the  noise  ia 
sharper  at  the  negative  pole. 
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Again^  in  the  experiment  of  Sulzer,  a  taste  is  experienced  when 
the  tongue  is  traversed  by  an  electrical  current.  This  taste  is  sourish 
when  a  plate  of  zinc  is  placed  at  the  base  of  the  organ  and  a  plate 
of  silver  on  the  surface,  the  two  plates  being  brought  into  contact ; 
by  reversing  the  position  of  the  plates  the  taste  becomes  alkaline, 
but  this  feeble  intensity  current  cannot  be  supposed  to  decompose 
the  salts  contained  in  the  saliva.  A  similar  sensation  was  expe- 
rienced by  Volta  by  taking  in  his  hand  a  goblet  of  pewter  filled 
with  a  moderately  alkaline  solution,  and  bringing  the  hoife  of  the 
tongue  into  contact  with  the  liquid.  The  taste  was  souvy  which 
excludes  the  idea  that  it  was  occasioned  by  the  contact  of  the 
alkaline  liquor  with  the  tongue.  It  seems  evident,  therefore,  that 
the  taste  excited  by  the  electric  current  must  be  owing  to  the 
special  excitation  of  the  gustatory  nerves.  In  general,  then,  the 
effect  of  a  current  acting  on  the  nerves  of  the  senses  is  to  awaken 
the  special  function  of  these  nerves. 

The  passage  of  an  electric  current  through  the  cardiac  and 
gplanchnique  nerves  of  a  living  or  recently-killed  animal  increases 
or  arouses  the  motion  proper  of  the  heart  and  intestines,  but,  what 
is  very  remarkable,  the  phenomenon  due  to  the  passage  of  the 
current,  instead  of  commencing  at  the  very  instant  that  the  circuit 
is  closed,  only  begins  after  a  certain  time,  and  continues  for  some 
time  after  the  current  has  ceased.  It  must  not  be  forgotten  that 
all  other  stimulating  agents,  viz.,  alkalies,  mechanical  irritations, 
or  heat,  applied  to  the  ganglion  nerves,  act  in  the  same  manner 
as  the  electrical  current. 

(91)  Production  of  an  Bleotrio  Cnrrent  by  Mns- 
cnlar  Contraction. — If  it  be  granted  that  the  muscular  cur- 
rent is  developed  in  the  muscle  itself,  it  can  scarcely  be  doubted 
that  it  is  in  a  state  of  circulation  during  the  life  of  the  animal. 
On  connecting  the  transverse  and  longitudinal  sections  of  a 
muscle,  an  electrical  current  appears ;  but  such  a  connection  exists 
naturally  in  the  body,  and  hence  the  influence  that  such  currents 
are  perpetually  present  is  a  fair  one,  the  current  indicated  by  the 
galvanometer  being  in  fact  but  one  of  the  branches  of  the  pre- 
existing current.  Du  Bois  Reymond  placed  a  live  frog  with  its 
two  legs  dipping  into  two  vessels  filled  with  salt  and  water,  and 
connected  with  either  extremity  of  a  galvanometer.  Now  it  was 
long  ago  shown  by  Nobili  that  a  current  exists  in  the  frog  directed 
from  the  foot  upwards,  but  in  the  present  case  there  are  two  such 
currents,  one  at  e!teh  foot,  which  meet  at  the  junction  of  the  limbs, 
annul  each  other,  and  consequently  produce  no  effect  on  the  galva- 
nometer. But  suppose  one  of  these  currents  to  be  enfeebled,  while 
the  other  retains  its  full  strength,  the  result  will  be  that  the 
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excess  of  the  latter  current  should  produce  a  deflection.  Du  Bois 
Reymond,  accordingly,  severed  the  ischiatic  nerve  of  one  of  the 
frog's  legs,  and  thus  deprived  the  limb  of  all  power  of  motion ;  he 
then  poisoned  it  with  strychnia — strong  convidsions  followed ;  the 
uninjured  limb  contracted  violently,  it«  muscular  current  was 
thereby  diminished,  and  the  current  of  the  other  limb  was  imme- 
diately exhibited  by  the  galvanometer. 

Du  Bois  Reymond  then  tried  the  experiment  on  himself.  He 
placed  the  first  finger  of  his  right  hand  in  one  vessel,  and  the 
corresponding  finger  of  the  left  hand  in  the.  other;  but  in- 
stead of  cutting  his  nerves,  as  in  the  case  of  the  frog,  he  suffered 
the  left  arm  to  remain  at  rest,  and,  contracting  the  other  forcibly, 
produced  a  deflection  of  the  needle ;  "vjrhen  the  left  arm  was  con- 
tracted, and  the  right  one  suffered  to  remain  at  rest,  the  needle 
was  deflected  in  the  opposite  direction.  The  current  always  pro- 
ceeded from  the  hand  of  the  contracted  arm  to  the  shoulder ;  but 
remembering  the  fact  that  it  is  the  excess  of  the  current  of  the 
motionless  arm  which  is  here  observed,  the  inference  is  that  in 
the  normal  state  of  the  arm  the  direction  of  the  current  is /rom 
the  shoulder  to  the  hand, 

(92)  Sleotrio  Flsbes. — The  7brpc<fo.— There  are  some  remark- 
able instances  of  the  genera- 
^i?-  "5-  tion  of  electricity  in  living . 

animals,  to  whom  the  power 
seems  principally  to  be  given 
as  a  means  of  defence.  Of 
these  animals  the  taia  tor- 
pedo  appears  to  have  been 
noticed  at  a  very  early 
period,  since  we  find  a 
description  of  its  properties 
in  the  writings  of  Pliny, 
Appian,  and  others.  It  in- 
habits the  Mediterranean 
and  North  Seas ;  its  weight, 
when  fully  grown,  is  about 
eighteen  or  twenty  pounds. 
Fig.  115  is  a  representation 
of  a  female  torpedo,  the  skin  b 
having  been  flayed  from  the 
under  sufface  of  the  fish  to 
show  the  electric  organs  a.  The 
mouth,  having  the  form  of  a  crescent,  is  shown  at  d;  the  branchial  aper- 
tures, five  in  number,  at  e ;  g gg  the  place  of  the  anterior  transverse  carti- 
lages ;  A  h  the  exterior  margin  of  the  great  lateral  fin ;  i  its  inner  margin  on 
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the  confines  oftbe  electrical  organ ;  /  the  abdomen ;  mm  the  place  of  the  posterior 
transverse  cartilage  which  is  single,  united  with  the  spi^e,  and  sustains  the 
smaller  lateral  fins  n  n  on  each  side ;  o  is  the  anus,  and  p  the  fin  of  the  tail. 
Each  electrical  organ  is  about  5  inches  long  and  about  3  inches  broad  at  the 
anterior  end  and  half  an  inch  at  the  posterior  extremity.  Each  organ  con- 
sists wholly  of  perpendictilar  columns  reaching  from  the  upper  to  the  under 
surface  of  the  body,  and  varying  in  their  lengths  according  to  the  thickness  of 
the  parts  of  the  body  where  they  are  placed.  The  longest  column  is  about  i^ 
inch,  the  shortest  about  \  of  an  inch,  and  their  diameter  about  -^^  of  an  inch. 
The  figures  of  the  columns  ate  irregular  hexagons  or  pentagons,  and  some- 
times have  the  appearance  of  being  quadrangular  or  cylindrical.  The  number 
of  columns  in  the  fish  examined  by  John  Hunter  was  470  in  each  organ ;  but 
in  a  very  large  fish,  4^  feet  long  and  weighing  7^  pounds,  the  number  was 
1,182  in  each  organ.  The  number  of  partitions  in  a  column  one  inch  long 
was  150. 

The  torpedo  must  be  irritated  to  cause  it  to  give  a  shock,  in  the 
delivery  of  which  it  moves  its  pectoral  fins  convulsively ;  the  shock 
ier  felt  on  touching  the  fish  with  a  single  finger,  and  it  can  give  a 
long  series  of  shocks  with  great  rapidity.  When  the  torpedo  is 
placed  on  a  metallic  plate,  so  that  the  plate  touches  the  inferior 
surface  of  the  organs,  the  hand  that  supports  the  plate  never  feels 
any  shock,  though  another  insulated  person  may  excite  the  animal 
and  the  convulsive  movement  of  the  pectoral  fins  may  denote  the 
strongest  and  most  reiterated  discharges ;  direct  contact  with  thd 
electrical  organs  of  the  fish  is  indispensably  necessary  for  the  re- 
*  ception  of  the  shock,  but  the  torpedo  has  not  the  power  of  direct- 
ing its  electrical  discharge  through  any  particular  object. 

By  passing  the  discharge  fi-om  a  torpedo  through  a  spiral  of 
copper  wire  enclosing  a  steel  needle,  *the  needle  becomes  magnetised 
in  such  a  manner  as  to  show  the  direction  of  .the  current  to  be 
from  the  back  to  the  under  part  of  the  belly.  Heating  and 
chemical  eflfects  have  likewise  been  obtained.  According  to  the 
experiments  of  Matteucci — i.  All  the.  dorsal  parts  of  the  electrical 
organ  are  positive  to  all  the  ventral  parts.  2.  Those  points  of  the 
organ  on  the  dorsal  face  which  are  above  the  nerves  which  pene- 
trate this  organ  are  positive  relatively  to  other  poinfe  of  the  same 
dorsal  face.  3.  Those  points  of  the  organ  on  the  ventral  face  are 
negative  relatively  Jo  other  points  of  the  same  ventral  face. 

The  Gymnotm, — ^This  electrical  fish  is  a  native  of  the  warmer 
regions  of  America  and  Africa.  There  are  several  species  of  the 
gymnotus,  but  only  one  is  electrical.  In  general  aspect,  it  very  much 
resembles  an  eel — the  body  is  smooth,  and  without  scales  (a  peculi- 
arity of  all  electrical  fishes) .  The  electric  organs  consist  of  alterna- 
tions of  different  substances,  and  are  most  abundantly  supplied  by 
nerves;  their  too  frequent  use  is  succeeded  by  debility  and  death. 
The  electric  organs  may  be  removed  without  injury  to  the  fish. 
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Fig.  116  is  a  copy  of  Hunter's  engraving  of  the  gymnotns,  and  Fig.  IT7  is 
a  correct  representktion  of  a  fine    specimen  which  was  for  some  time  in 
the  possession  of  the  proprietors  of  the  Royal  Polytechnic  Institution.    In 
Hunter's  engraving  the  skin  is 
p.     jjg  removed  to  show  the  structure  ^    ^ 

of  the  fish ;  a  is  the  loVer  sur- 
face of  the  head ;  c  the  cavity 
of  the  belly ;  b  the  anus ;  e  the 
back  where  the  skin  remains ; 
gg  the  fin  along  the  lower  edge 
of  the  fish ;  e  e  the  lateral  mus- 
cles of  this  fin  removed  and 
laid  back  with  the  skin  to  ex- 
pose the  small  or«;ans;  /  part 
of  the  muscle  left  in  its  place; 
//the  large  electrical  organ; 
h  h  the  small  electrical  or- 
gans; m  m  m  the  substance 
which  separates  the  two  or- 
gans; and  n  the  place  where 
the  substance  is  removed. 
These  organs  form  more  than 
one-third  of  the  whole  fish. 
The  two  electrical  organs  are 
separated  at  the  upper  part  by 
the  muscles  of  the  back,  at  the 
lower  part  by  the  middle  par- 
tition, and  by  the  air-bag  at 
the  middle  part. 

The  electrical  organs  consist 
of  two  parts,  viz.,  fiat  partitions 
or  septa,  and  thin  plates  or 
mehibranes  intersecting  them 
transversely.  The  septa  are  thin 
parallel  membiynes  stretching 
in  the  direction  of  the  fish's 
lengtli,  and  as  broad  as  the 
semi- diameter  of  the  animal's 
bod5\  They  vary  in  length, 
some  of  them  being  as  long  as 
the  whole  body.  The  very  thin 
plates  which  intersect  the  septa 
have  their  breadth  equal  to 
the  distance  between  any  two  septa.  There  is  a  regular  series  of  these  plates 
from  one  end  of  any  two  septa  to  the  other  end,  240  of  them  occupying  a 
single  inch. 

The  electric  organ  of  the  gymnotus  depends  entirely  on  its  will. 
It  does  not  keep  its  organs  always  charged,  and  it  can  direct  its 
action  towards  the  point  where  it  feels  itself  most  strongly  irri- 
tated. When  two  persons  hold  hands,  and  one  touches  the  fish 
with  his  free  hand,  the  shock  is  commonly  felt  hy  both  at  once. 
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Occasionally,  however,  in  the  most  severe  shocks,  the  person  who 
comes  into  immediate  contact  with  the  fish  alone  receives  it. 

A  fine  specimen  of  this  remarkable  fish  was  for  some  time  in 
possession  of  the  proprietors  of  the  late  Gallery  of  Practical  Science 
in  Adelaide  Street,  and  was  made  the  subject  of  some  interesting 
experiments  by  Fai'aday  (Hx.  Researches j  15th  series,  1838).  This 
fish  was  forty  inches  long*  It  remained  in  a  healthy  and  vigorous 
condition  till  March  1842,  when  it  died  from  the  effects  of  a  rup- 
ture of  a  blood-vessel. 

1.  The  Shock, — This  was  verj'  powerful  when  one  hand  was  placed  on 
the  body  near  the  head,  and  the  other  near  the  tail.  It  was  like  that  of  a 
large  Leyden  battery  charged  to  a  low  degree;  and  great  as  was  the 
forceof  a  single  discharge,  the  fish  was  able  to  give  a  double  and  even  a 
triple  shock  with  scarcely  a  sensible  interval  of  time.  From  some  compara- 
tive experiments,  Faraday  thought  it  may  be  concluded  that  a  single  medium 
discharge  of  the  fish  was  at  least  equal  to  that  of  a  Leyden  battery  of  fifteen 
jars,  containing  3,500  square  inches  of  glass  coated  on  both  sides,  and 
charged  to  the  highest  degree. 

2.  The  Spark, — Through  the  upper  cap  of  a  glass  globe  a  copper  wire  was 
passed,  a  slip  of  gold  leaf  being  attached  to  its  extremity ;  a  similar  wire 
terminating  in  a  brass  ball  within  the  globe  was  passed  through  the  lower  cap. 
The  gold  leaf  and  brass  ball  were  brought  into  all  but  actual  conta(;t ;  the 
fish  being  provoked  to  discharge  through  the  wires,  the  gold  leaf  was  at- 
tracted to  the  ball,  and  a  ^xtrk  passed. 

3.  Chemical  Decomposition. — Polar  decomposition  of  iodine  of  potassium 
was  obtained  by  moistening  three  or  four  folds  of  paper  in  the  solution,  and 
placing  them  between  a  platinum  plate,  and  the  end  of  a  platinum  wire 
connected  respectively  with  two  saddle  conductors  grasping  the  body  of  the 
fish.  The  middle  of  the  fish  was  found  to  be  negative  to  the  anterior  parts 
and  positive  to  parts  towards  the  tail. 

4.  Magnetic  Effects. — By  causing  the  fish  to  send  powerful  discharges 
through  an  instrument  of  no  great  delicacy,  a  deflection  of  the  needle 
amounting  to  30^  was  produced;  the  deflection  was  constantly  in  a  given 
direction,  the  electric  current  being  always  from  the  anterior  parts  of  the 
animal  through  the  galvanometer  wire  to  the  posterior  parts.  When  a  little 
helix,  containing  twenty-two  feet  of  silked  wire  wound  on  a  quill,  was 
put  into  the  circuit,  and  an  annealed  steel  needle  placed  in  the  helix,  the 
needle  became  a  magnet,  and  the  direction  of  its  polarity  in  every  case  in- 
cficated  a  current  from  the  anterior  to  the  posterior  parts  of  the  gymnotus 
through  the  conductors  used. 

When  a  number  of  persons  all  dip  their  hands  at  the  same  time 
into  the  water  in  the  vessel  in  which  the  gymnotus  is  confined, 
they  aU  receive  a  shock  of  greater  or  less  intensity  when  the  fish 
discharges,  proving  that  all  the  conducting  matter  round  the  fish 
is  filled  at  the  moment  with  circulating  electric  power  resembling 
generally  in  disposition  the  magnetic  curves  of  a  magnet.  The 
gymnotus  feeds  on  other  fish,  which  it  kills  by  giving  them  a  shock ; 
this  it  does  by  forming  a  coil  round  the  fish,  so  that  it  should  re- 
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present  a  diameter  across  it.  Living^  as  the  gymnotus  does,  in  the 
midst  of  such  a  good  conductor  as  water,  it  seems  at  first  surpris- 
ing that  it  can  sensihly  electrify  anything ;  but  in  fact  it  is  the 
very  conducting  power  of  the  water  which  favours  and  increases 
the  shock  by  moistening  the  skin  of  the  animal  through  which  the 
gymnotus  discharges  its  battery. 

The  Silurm  Electricm, — This  fish  is  shown  in  Mg.  ii8.     It  is 
found  in  the  Senegal,  the  Niger,  and  the  Nile.    It  is  about  twenty 

Fig.  1 1 8. 


inches  long.  The  shock  is  distinctly  felt  when  it  is  laid  on  one 
hand,  and  touched  by  a  metallic  rod  held  in  the  other.  Its  elec- 
trical organs  are  much  less  complicated  than  those  of  other  electri- 
cal fishes.  Other  known  electrical  fishes  are  the  tetraodon  electricus, 
found  in  the  Canary  Islands,  and  the  trichiarua  eleetricus,  which 
inhabits  the  Indian  seas ;  several  others  have  been  met  with,  but 
not  hitherto  accurately  described. 

(93)  Blectrloitj-  of  Plants. — The  following  conclusions  were 
arrived  at  by  Wartmann  (Btblioth^que  UniverseUe  de  Geneve,  Dec. 
1850),  after  an  investigation  continued  for  two  years : — 

1.  Electric  currents  are  to  be  detected  in  all  parts  of  vegetables  bnt  those 
furnished  with  isolating  substances,  old  bark,  &c.,  &c. 

2.  These  currents  occur  at  all  times  and  seasons,  and  even  when  the  por- 
tion examined  is  separated  from  the  body  of  the  plant,  as  long  as  it  continues 
moist. 

3.  In  the  roots,  stems,  branches,  petioles,  and  peduncles,  there  exists  a 
central  descending  and  a  peripherical  ascending  current ;  Wartmann  calls 
them  axud  currents. 

4.  Lateral  currents  may  be  detected  passing  firom  the  layers  of  the  stem 
where  the  liber  and  alburnum  touch  to  the  surrounding  parts. 

5.  In  the  leaf  the  current  passes  from  the  lamina  to  the  nerves,  as  well  as 
to  the  central  parts  of  the  petiole  and  stalk. 

6.  In  the  flowers  the  currents  are  feeble.  They  are  very  marked  in  the 
succulent  fruits,  and  in  some  kinds  of  grain ;  the  currents  from  fruits  pro- 
ceeding in  most  cases  from  the  superficial  parts  to  the  adjacent  organs.  The 
strength  of  the  currents  depends  on  the  season,  they  are  greatest  in  the  spring 
when  the  plant  is  bathed  in  sap. 

7.  Currents  can  also  be  detected  proceeding  from  the  plant  to  the  soil, 
which  is  thus  positive  with  relation  to  it,  and  currents  are  also  manifested 
when  two  distinct  plants  are  placed  in  the  circuit  of  the  rheometer. 

These  results  were  confirmed  by  Becquerel  (Con^tes-JRenduSf 
Nov.  4,  1850).    He  ascertained  particularly  the  determination 
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of  electrical  currents  from  the  pith  of  the  wood  to  the  bark,  which 
shows  that  the  earth  in  the  act  of  vegetation  continually  acquires 
an  excess  of  positive  electricity  ;  and  the  parenchyma  of  the  bark 
and  a  part  of  the  wood  an  excess  of  negative  electricity,  which  is 
transmitted  to  the  air  by  means  of  the  vapour  of  exhaled  water ; 
and  the  opposite  electrical  states  of  vegetables  and  the  earth  give 
reason  to  think  that,  from  the  enormous  vegetation  in  some  parts 
of  the  globe,  they  must  exert  some  influence  on  the  electric  phe- 
nomena of  the  atmosphere. 

Flashes  of  light  have  been  seen  to  be  emitted  from  many  flowers, 
principally  oraw^c-coloured  flbwers,  soon  after  sunset  on  sultry 
days;  this  phenomenon  was  diligently  studied  by  Zawadsj^i;  he 
noticed  that  it  occurred  most  frequently  in  the  months  of  July 
and  August,  and  he  observed  that  the  same  flower  discharged  a 
nunaber  of  flashes  in  succession. 

Pouillet  made  the  following  expeiiment,  from  which  he  arrived 
at  the  conclusion  that  a  considerable  portion  of  the  electricity  with 
which  the  atmosphere  is  charged  is  derived  from  the  gaseous  fluids 
given  out  by  plants  during  the  process  of  vegetation  : — 

On  a  table  varnished  with  gum-lac,  he  arranged  in  two  rows  beside  each 
other  twelve  glass  capsules,  each  about  eight  inches  in  diameter,  and  coated 
externally  for  two  inches  round  the  lips  with  a  film  of  lac  varnish.  They 
were  filled  with  vegetable  mould,  and  made  to  communicate  with  each  other 
by  metallic  wires,  which  passed  from  the  inside  of  one  to  the  inside  in  the 
next,  going  over  the  edges  of  the  cap&ules.  Thus  the  inside  of  the  twelve 
capsules  and  the  soil  which  they  contained  formed  only  a  single  conducting 
body.  One  of  the  capsules  was  placed  in  communication  with  the  upper 
plate  of  a  condenser  by  means  of  a  brass  wire,  while,  at  the  same  time,  the 
under  plate  was  in  communication  "with  the  ground. 

Things  being  in  this  situation,  and  the  weather  being  very  dry,  a  quantity 
of  com  was  sown  in  the  soil  contained  in  the  capsules,  and  the  effects  were 
watched.  The  laboratory  was  kept  closed,  and  neither  fire,  nor  light,  nor 
any  electrified  body,  was  introduced  into  it.  During  the  first  two  days  the 
grain  swelled,  and  the  plumulse  issued  out  about  the  length  of  a  line,  but 
did  not  make  their  appearance  above  the  surface  of  the  earth.  But  on  the 
third  day  the  blades  appeared  above  the  surface,  and  began  to  incline  to- 
wards the  window,  which  was  not  provided  with  shutters.  The  condenser 
was  now  charged  with  posUioe  electricity  j  consequently  the  carbonic  acid 
which  is  disengaged  during  the  germination  of  the  seed  is  charged  with 
positive  electricity,  and  is  therefore  in  precisely  the  same  state  as  the  car- 
bonic acid  formed  by  combustion.  This  experiment  was  repeated  several 
times  with  success.  But  the  electricity  cannot  be  recognised  unless  the 
weather  is  exceedingly  dry,  or  unless  the  apartment  is  artificially  dried  by 
introducing  substances' which  have  the  property  of  absorbing  moisture. 

Pouillet  inferred  from  his  experiments  that  a  surface  of  1,000 
square  feet  would  give  out  sufficient  electricity  to  charge  a  power- 
ful battery. 
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PART  IV. 

VOLTAIC   ELECTRICITV. 


CHAPTER  I. 

4 

Vol ta's Fundamental  Experiment— The  *  Pile'— The  Dry  Pile— The  Contact 
and  Chemical  Theories  of  the  Pile — Simple  and  (Compound  Voltaic  Bat- 
teries— ^The  Water  Battery  —  Polarization  —  Secondary  Batteries — The 
Gas  Battery. 

C94)  Volta*s  Vnndamental  Bxperiment. — Two  polished 
metallic  discs,  one  of  copper  and  the  other  of  zinc,  about  three 
inches  in  diameter,  and  each  provided  with  an  insulating  handle, 
are  brought  into  contact,  holding  them  by  their  handles ;  they  are 
then  separated,  especially  avoiding  friction,  and  brought  successively 
into  contact  with  the  collecting  plate  of  a  condensing  electroscope 
(Pig.  1 9,  p.  20)  ;  the  zinc  plate  is  found  to  be  slightly  charged  with 
positive  and  the  copper  plate  with  negcdive  electricity.  These  effects 
(which,  though  feeble,  are,  when  carefully  performed,  decisive),  were 
ascribed  by  Volta  to  a  peculiar  electromotive  force,  under  whfch 
the  metals  by  simple  contact  tend  to  assume  opposite  electrical 
states ;  but  it  has  been  shown  by  Grove  {Elect,  Mag.,  vol.  i.  57) 
that  Volta's  experiment  is  equally  successful  if  contact  between  the 
metals  is  prevented  by  the  interposition  of  a  circle  of  card,  and  he 
conceives  the  action  between  the  discs  to  be  somewhat  similar  to 
that  which  occasions  a  coin,  when  allowed  to  remain  for  some 
time  on  a  polished  plate,  to  leave  behind  it  on  the  metal  a  faint 
picture,  viz.,  to  a  radiation  between  the  metals,  on  account  of 
difference  of  temperature,  whereby  a  chemical  disturbance  takes 
place.  Gassiot  has  also  proved  that  decided  signs  of  electrical 
tension  may  be  obtained  without  any  contact,  metallic  or  other- 
wise, between  the  plates.  His  experiment  is  thus  described  {PhU. 
Mag.y  Oct.  1844)  • —  I 

Two  plates,  one  of  copper  and  the  other  of  zinc,  each  fonr  inches  in 
diameter,  were  attached  each  to  an  insulated  pillar  of  a  micrometer  electro- 
meter ;  the  plates  were  carefully  approximated  to  about  ^L  ©f  an  inch. 
When  thus  adjusted,  a  copper  wire  was  attached  to  each  of  the  plates,  and 
also  to  the  discs  of  the  electroscope,  which  were  fixed  at  about  |  of  an 
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inch  apart ;  the  leaf  of  the  electroscope  was  raised  so  as  to  allow  it  to  swing 
clear  of  the  two  discs,  and,  when  not  excited,*to  remain  equidistant  from  each. 
Thus  arranged,  the  apparatus  is  ready  for  experiment.  With  one  hand  the 
experimenter  holds  a  Zamboni^s  pile  (Fig.  95),  so  as  to  have  one  of  its  ter- 
minals within  about  one  inch  of  the  cap  of  the  electroscope,  and  with  the 
other  hand  he  separates  the  plates ;  immediately  on  separation,  the  terminal 
of  the  pile  is  brought  into  contact  with  the  cap  of  the  electroscope,  when  the 
leaf  is  attracted  as  follows : — ^If  touched  by  the  negative  terminal  of  the  pile, 
the  leaf  of  the  electroscope  will  be  attracted  towards  the  disc  in  connection 
with  the  zinc  plate,  hut  if  by  the  positive  terminal,  the  leaf  will  move  towards 
the  disc  in  connection  with  the  copper  plate,  which  are  precisely  the  same 
results  as  follow  the  separation  after  actual  contact 

By  the  following  arrangement  a  voltaic  current  of  sufficient 
power  to  decompose  iodide  of  potassium  was  produced  by  Faraday 
without  the  contact  of  dissimilar  metals : — 

A  plate  of  zinc,  a  (Fig.  119),  was  cleaned  and  bent  in  the  middle  to  a  right 
angle;  a  piece  of  platinum  about  three  inches  long  and  half  an  inch 
wide,  &,  was  fastened  to  a-  platinum  wire,  and  the  latter 
bent  twice  at  right  angles.    These  two  pieces  of  metal  „. 

were  arranged  as  shown  in  the  figure;  at  x  a  piece  of 
folded  bibulous  paper,  moistened  in  a  solution  of  iodide 
of  potassium,  was  placed  on  the  zinc,  and  was  pressed 
upon  by  the  end  of  the  platinum  wire;  when,  under 
these  circumstances,  the  plates  were  immersed  in  diluted       1 
nitric  and  sulphuric  acids  or  even  in  solution  of  caustic 
potash,  contained  in  the  vessel  c,  there  was  an  imme- 
diate effect  at  x,  the  iodide  being  decomposed,  and  iodine 
appearing  at  the  anode,  that  is,  against  the  end  of  the 
pl^tmum  wire.    As  long  as  the  lower  ends  of  the  plates 
remained  in  the  acid,  the  electric  current  flowed,  and  the 
decomposition  proceeded  at  x.    On  removing  the  end  of 
the  wire  from  place  to  place  on  the  paper,  the  effect  was 
evidently  very  powerful ;  and  on  placing  a  piece  of  tur- 
meric paper  between  the  white  paper  and  the  zinc,  both  papers  being 
moistened  with  a  solution  of  iodide  of  potassium,  alkali  was  evolved  at  the 
cathode  against  the  zinc  in  proportion  to  the  evolution  of  iodine  at  the 
anode;  the  presence  of  an  electrical  current  was  likewise  shown  by  the 
galvanometer. 

Metallic  contact,  according  to  Faraday,  favours  the  passage  of 
the  current  by  diminishing  the  opposing  affinities.  When  an 
amalgamated  zinc  plate  is  dipped  into  dilute  sulphuric*  acid,  the 
force  of  chemical  aSSnity  exerted  between  the  metal  and  the  fluid 
is  not  sufficiently  powerful  to  cause  sensible  action  at  the  surfaces 
of  contact,  and  occasion  the  decomposition  of  water  by  the  oxida- 
tion of  the  metal,  though  it  is  sufficient  to  produce  such  a  condi- 
tion of  electricity  as  would  produce  a  current  if  there  were  a  path 
open  for  it,  and  that  current  would  complete  the  conditions  neces- 
sary for  the  decomposition  of  water.    Now,  when  the  zinc  is 
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touched  by  a  piece  of  platinum,  the  path  required  for  the  elec- 
tricity is  opened,  and  it  is  'evident  that  this  must  be  far  more 
eflfectual  than  when  the  two  metals  are  connected  through  the 
medium  of  an  electrolyte  ;  because  a  contrary  and  opposing  action 
to  that  which  is  influential  in  the  dilute  sulphuric  acid  is  then 
introduced,  or  at  any  rate  the  affinity  of  the  component  parts  of  the 
electrolyte  has  to  be  overcome,  since  it  cannot  conduct  without 
decomposition,  and  this  decomposition  reacts  upon,  and  sometimes 
neutralises,  the  forces  which  tend  to  produce  the  current. 

The  views  of  Volta  have  been  supported  by  many  profound 
electricians,  including  Pfaff,  Marianini,  Fechter,  Zamboni,  and 
Matteucci,  but  the  most  powerful  mass  of  evidence  is  in  favour  of 
the  theory  that  ascribes  the  source  of  power  to  chemical  action, 
and  this  theory  has  been  adopted  and  maintained  by  Fabroni, 
WoUaston,  Oersted,  Becquerel,  De  la  Rive,  Schonbein,  Faraday, 
drove,  and  numerous  other  distinguished  philosophers. 

By  Davy  (Phil,  Trans.  1826)  the  electric  state  of  the  pile  was 
considered  as  due  partly  to  the  contact  of  the  opposed  metals,  and 
partly  to  the  chemical  action  excited  on  them  by  the  liquid. 

*  Chemical  and  electrical  attractions,'  he  says,  *  are  produced  by  the  same 
cause,  acting  in  one  case  on  particles  and  in  the  other  on  masses  of  matter, 
and  the  same  property,  under  different  modifications,  is  the  cause  of  all  the 
phenomena  exhibited  by  different  voltaic  combinations.' 

In  Volta's  fundamental  experiment  the  zinc  plate  is  supposed  by 
him  to  take  electricity  from  the  copper  plate,  the  zinc  plate  be- 
coming feebly  positive,  and  the  copper  plate  feebly  negative.  Pro- 
fessor JElobison  endeavoured  to  increase  the  effect  by  associating  a 
series  o*f  plates  of  copper  and  zinc,  one  pair  immediately  following 
the  other.  The  desired  effect  was  not,  however,  attained,  as,  in- 
deed, Volta's  theory  would  have  predicted,  for  as  in  such  an 
arrangement  each  copper  plate  is  necessarily  between  two  zinc 
plates,  and  each  zinc  plate  between  two  copper  plates  5  according 
to  that  theory  electromotion  weuld  tend  from  the  copper  to  the 
zinc  upon  both  sides  of  the  latter,  and  the  forces  would  destroy 
one  another.  The  same  thing  would  occur  conversely  with  both 
surfaces  of  the  copper,  so  that,  however  numerous  the  series,  the 
effect  cannot  exceed  that  produced  by  a  single  pair.  This  expla- 
nation immediately  occurred  to  Volta,  and  the  brilliant  idea  sug- 
gested itself  that,  if  he  were  to  interpose  between  each  pair  of 
copper  and  zinc  plates  a  moist  or  second-class  conductor,  the  latter 
would  have  the  effect  of  promoting  the  circulation  of  the  disturbed 
electricity,  its  own  power  of  producing  electromotion  by  contact 
with  the  metals  being  extremely  small  when  compared  to  the  energy 
of  the  electromotive  force  called  into  existence  by  the  contact  of 
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the  dry  or  second-class  metallic  conductors.     In  accordance  with 
this  hypothesis  he  built  up  his  '  pile.' 

The  original  form  of  Volta's  pile  is  shown  in  Fig.  120. 

It  consists  of  a  series  of  silver  and  zinc  or  of  copper  and  zinc  plates,  ar- 
ranged one  above  another,  "with  moistened  flannel  or  pasteboard  between 
each  pair.    A  series  of  thirty  or  forty  alternations 
of  plates  four  inches  square  will  cause  the  gold  leaf 
electroscope  to  diverge ;  the  zinc  end  with  positive  ^^'  '*°* 

and  the  silver  end  with  negative  electricity ;  a  shock 
will  also  be  felt  on  touching  the  extreme  plates 
-with  the  fingers  moistened  with  water ;  a  small 
spark  will  be  seen  on  bringing  the  extreme  wires 
into  contact,  and  water  may  be  decomposed. 
These  latter  effects  are  much  increased  when  the 
flannel  or  pasteboard  is  moistened  with  salt  and 
water,  the  quantity  of  electricity  set  in  motion  by 
'  the  chemical  action  of  the  saline  liquid  being  ma- 
terially increased,  but  the  gold  leaves  of  the  elec- 
troscope will  not  exhibit  a  greater  divergence 
when  salt  water  is  used,  this  effect  depending  on 
the  intensity  of  the  electricity,  which  is  not  ma- 
terially'augmented  by  the  chemical  action. 

(95)  Tbe  Dry  Pile. — An  electric  pile 
was  invented  by  De  Luc,  from  which  much 
useful  information  respecting  the  direction 
of  the  current  in  these  cases  of  excitation 
may  be  derived. 

This  instrument  consists  of  a  number  of 
alternations  of  two  metals,  with  discs  of 
paper  interposed  ;  the  elements  may  be  cir- 
cular discs  of  thin  paper,  covered  on  one 
side  with   gold  or  silver  leaf  about  one 

inch  in  diameter,  and  similar  sized  pieces  of  thin  zinc  foil,  so 
arranged  that  the  order  of  succession  shall  be  preserved  through- 
out, viz.,  zinc,  silver,  paper  j  zinc,  silver,  paper,  &c.  About  five 
hundred  pairs  of-  such  discs,  enclosed  in  a  perfectly  dry  glass  tube, 
terminated  at  each  end  with  a  brass  cap,  and  screw  to  press 
the  plates  tight  together,  will  produce  an  active  column.  The 
late  Mr.  Singer  constructed  a  dry  pile  of  twenty  thousand  series  of 
zinc,  silver,  and  double  discs  of  writing  paper ;  it  was  capable  of 
diverging  the  pith-ball  electroscope,  and  by  connecting  one  extre- 
mity of  the  series  with  a  fine  iron  wire,  and  bringing  the  end  of 
the  wire  near  the  other  extremity,  a  slight  .layer  of  varnish  being 
interposed,  a  succession  of  bright  sparks  could  be  prodtwedj  especially 
when  the  point  of  the  wire  was  drawn  lightly  over  the  surface. 
A  very  thin  glass  jar,  containing  fifty  square  inches  of  coated  sur- 
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face,  charged  by  ten  minutes  contact  with  the  column,  had  power 
to  fuse  one  inch  of  platinum  wire  ^^^^  of  an  inch  in  diameter. 
It  gave  a  disagreeable  shock,  felt  distinctly  at  the  elbows  and 
shoulders,  and  by  some  individuals  across  the  breast.  The  charge 
from  this  jar  would  perforate  thick  drawing-paper.  The  pile  did 
not  possess  the  slightest  chemical  action,  for  saline  compounds 
tinged  with  the  most  delicate  vegetable  colours  underwent  no 
change,  even  when  exposed  for  some  days  to  its  action, 

On  examining  the  electrical  state  of  the  dry  electric  column,  it 
is  found  to  resemble  that  of  a  conductor  under  induction ;  in  the 
centre  it  is  neutral,  but  the  ends  are  in  opposite  electrical  states ; 
and  if  one  extremity  be  connected  with  the  earth,  the  electricity 
of  the  opposite  end  becomes  proportionately  increased :  the  zinc 
extremity  is  positive^  and  the  silver  or  gold  extremity  is  negative : 
as  may  be  proved  by  laying  the  colunm  on  the  caps  of  two  gold 
leaf  electroscopes  in  the  manner  shown  in  Fig.  121 ;  the  leaves  will 


Fig^.  121. 


Fig.  izz. 


diverge  with  opposite  electricities.  If  a  communication  be  made 
between  the  instruments  by  means  of  a  metallic  wire,  the  diver- 
gence of  the  leaves  will  cease,  but  will  be  again  renewed  when  such 
communication  is  broken.  It  is  better  to  employ,  in  these  experi- 
ments, an  electroscope  in  which  the  gold  leaves  are  suspended 
singly,  as  shown  in  Fig.  122,  and  so  arranged  as  to  admit  of  their 
being  brought  nearer  to  or  carried  farther  from  each  other.  If  in 
8i:^ch  an  instrument  the  leaves  are  adjusted  at  a  proper  distance 
from  each  other,  and  the  wire  from  which  one  is  suspended  be 
connected  with  the  zinc  end  of  the  pile,  and  the  wire  from  which 
the  other  is  suspended  be  connected  with  the  silver  or  gold  end,  a 
kind  of  perpetual  motion  will  be  kept  up  between  the  leaves  ;  for, 
being  oppositely  excited,  they  will  attract  each  other ;  and  having 
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by  contact  Deutralised  each  other,  they  will, separate  for  a  moment 
and  again  attract  and  separate  as  before.  If  both  silver  and  zinc 
ends  of  two  <;olumns  are  connected  with  the  two  gold  leaves,  a 
continued  repulsion  will  be  kept  up  between  the  leaves,  they  being 
then  similarly  electrified. 

A  variety  of  amusing  experiments  may.  be  made  with  De  Luc's  dry 
column.  Thus,  a  small  clapper  may  be  kept  constantly  vibrating  between 
two  bjells.  With  a  series  of  twelve  hundred  groups,  arranged  by  Mr.  Singer, 
a  perpetual  ringing  was  kept  up  during  fourteen  months.  De  Luc  had  a 
pendulum  which  constantly  vibrated  between  two  bells  for  more  than  two 
years.  With  a  pile  of  10,000  series,  constructed  after  the  niodification  by 
Zamboni,  in  which  the  discs  consisted  of  paper,  on  one  side  of  which  finely 
laminated  zinc  was  pasted,  and  on  the  other  finely  powdered  black  oxide 
of  manganese,  Mr.  Gassiot  charged  a  Ley  den  battery  to  a  considerable 
deigree  of  intensity,  and  obtained  direct  sparks  ^  of  an  inch  in  length. 
He  ultimately  succeeded  in  obtaining  chemical  decomposition  of  a  solution 
of  iodide  of  potassium,  the  iodine  appearing  at  the  end  composed  of  black 
oxidie  of  manganese. 

The  source  of  power  in  the  ' dry  pile'  is  referrM  by  those  who 
uphold  the  theory  of  Volta  to  the  contact  of  the  metals;  the  oppo- 
nents of  that  hypothesis  trace  it  to  the  action  of  the  small  portion 
of  moistm*e  which  is  contained  in  the  paper  upon  the  oxidizable 
metal,  viz.  the  zinc.  It  is  certain  that  a  degree  of  moisture  is  in- 
dispensable to  the  action  of  the  instrument;  for  the  electricity 
disappears  altogether  when  the  paper  discs  have  lost  their  humi- 
dity by  spontaneous  evaporation,  and  the  zinc  becomes  slowly 
corroded.  Its  charge  is  altogether  one  of  intensity,  and  after  dis- 
charge an  interval  of  time  is  required  for  a  renewal.  It  is  not 
improbable  that  the  state  of  the  atmosphere  is  in  some  way  con- 
nected with  the  phenomenon,  for  the  motion  of  the  pendidum  is 
subject  to  much  occasional  irregularity.  M.  De  Luc  and  Mr. 
Hausman  both  observed  that  the  action  of  the  column  was  increased 
when  the  sun  shone  on  it ;  but  they  conceived  that  the  effect  was 
not  due  to  the  heat  of  the  sun's  rays,  because  it  was  found  that  an 
instrument  put  together,  after  the  parts  had  been  thoroughly  dried 
by  the  fire,  had  no  power  whatever,  but  that  it  became  efficacious 
after  it  had  been  taken  to  pieces,  and  its  materials  had  remained 
all  night  exposed  to  the  air,  from  which  the  paper  imbibed  mois- 
ture. Mr.  Singer,  however,  remarked  that  the  power  of  the  column 
is  increased  by  a  moderate  heat,  as  his  apparatus  vibrated  more 
strongly  in  sunmier  than  in  winter,  and  the  electrical  indications 
were  stronger  when  there  was  a  fire  in  the  room. 

Care  should  be  taken  not  to  allow  the  ends  of  the  column  to  re- 
main for  any  length  of  time  in  contact  with  a  conducting  body ; 
for,  after  such  continued  communication,  a  loss  of  power  will  be 
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perceived.  When,  therefore,  the  instrument  is  laid  by,  it  should 
be  insulated;  and  if  it  had  previously  nearly  lost  its  action,  it  will 
usually  recover  it  after  a  rest  of  a  few  days.  The  application,  by 
Bohnenberger,  of  the  dry  pile  to  the  gold-leaf  electroscope  has 
already  been  alluded  to  (41.  6). 

(96)  ZnanfllcieBojr  of  the  Contaet  Theory. — At  the  close  of 
an  elaborate  and  exhaustive  experimental  examination  of  the 
question,  *  What  is  the  source  of  power  in  the  voltaic  pile  ? '  Fara- 
day sums  up  thus  (Kv,  Besearch.,  series  xvii.) : — 

'  The  contact  theory  assumes,  in  fact,  that  a  force  which  is  able  to  over- 
come powerful  resistance,  as,  for  instance,  that  of  the  conductor,  good  or  bad, 
through  which  the  current  passes,  and  that  a^^ain  of  the  electrolytic  action, 
where  bodies  are  decomposed  by  it,  can  arise  out  of  nothing ;  that  without  any 
chanii^e  in  the  acting  matter,  or  the  consumption  of  any  generating  force,  a 
current  can  be  produced  which  shall  go  on  for  ever  a^^ainst  a  constant 
resistance,  or  only  be  stopped,  as  in  the  voltaic  trough,  by  th&  ruins  which 
its  exertion  has  heaped  up  in  its  own  course.  This  would  indeed  be  a  erea- 
titm  of  power,  and  is  like  no  other  force  in  nature.  We  have  many  pro- 
cesses  by  which  tHe  form  of  the  power  may  be  so  chfuiged  that  an  apparent 
converMton  of  one  into  another  takes  place;  but  in  no  case  is  there  a  pure 
creation  of  force ;  a  production  of  power  without  the  corresponding  exhaus- 
tion of  something  to  supply  it. 

*  The  chemical  theory  sets  out  with  a  power,  the  existence  of  which  is  pr«- 
proved,  and  then  follows  its  variations,  rarely  assuming  anything  which  is 
not  supported  by  some  corresponding  simple  chemical  fact., 

*The  contact  theory  sets  out  with  an  assumption,  to  which  it  adds  others 
as  the  cases  require,  until  at  last  the  contact  forc^,  instead  of  being  the  firm 
unchangeable  thing  at  first  supposed  by  Yolta,  is  as  variable  as  CLcmical 
force  itself. 

*  Were  it  otherwise,  and  were  the  contact  theory  true,  then,  as  it  appears 
to  me,  the  equality  of  cause  and  effect  must  be  denied.  Then  would  **  per- 
petual motion"  also  be  true;  and  it  would  not  be  at  all  difficult  upon  the 
first  given  case  of  an  electric  current,  by  contact  alone,  to  produce  an  electro- 
magnetic arrangement  which,  as  to  principle,  would  go  on  producing  me- 
chanical effects  for  ever.* 

Again,  speaking  of  the  voltaic  theory  of  contact,  Dr.  Roget,  in 
his  TreatUe  vn  Galvanism,  says  (§  113)  : — 

*  Were  any  further  reasoning  necessary  to  overthrow  it,  a  forcible  argu- 
ment might  be  drawn  firom  the  following  consideration : — If  there  could 
exist  a  power  having  the  property  ascribed  to  it  by  the  hypothesis,  namely, 
that  of  giving  continual  impulse  to  a  fluid  in  one  constant  direction,  witho«t 
being  exhausted  by  its  own  action,  it  would  differ  essentially  from  all  the 
other  known  powers  in  nature.  All  the  powers  and  sources  of  motion,  with 
the  operation  of  which  we  are  acquainted,  when  producing  their  peculiar 
effects,  are  expended  in  the  same  proportion  as  those  effects  are  produced ; 
and  hence  arises  the  impossibility  of  obtaining  by  their  agency  a  perpetual 
effect,  or  in  other  words,  a  perpetual  motion.  But  the  electromotive  force 
ascribed  by  Yolta  to  the  metals  when  in  contact  is  a  force  which,  as  long  as 
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a  free  course  is  allowed  to  the  electricity  it  sets  in  motion,  is  never  expended, 
and  continues  to  be  excited  witli  undiminished  power  in  the  production  of  a 
.never-ceasing  effect  Against  the  truth  of  such  a  supposition  the  probabi- 
lities are  all  but  infinite.' 

Lastly,  Sir  William  Snow  Hams,  in  reviewing  the  two  theories 
of  the  voltaic  pile,  expresses  his  opinion  of  the  contact  theory  in 
the  following  terms  (Rudimentary  Treatise  on  Galwmismy^.  52)  : — 

*  On  reviewing  the  respective  merits  of  the  contact  and  chemical  theories 
of  the  source  of  power  in  the  voltaic  pile,  we  find  the  facts  in  support  of  the 
latter  so  overwhelming  in  every  sense  that  it  is  next  to  impossible  to  resist 
the  conclusion  thut  chemical  action  is  really  the  mainspring  of  the  whole 
machine.  We  find,  for  example,  that  chemical  action  does  give  rise  to 
evolution  of  electricity ;  that  the  current  force  is  entirely  dependent  on  it ; 
that,  when  the  chemical  action  diminishes  or  ceases,  the  current  also  dimi- 
nishes or  ceases ;  when  the  chemical  action  changes,  the  current  changes ; 
when  there  is  no  chemical  action,  there  is  no  current;  no  case  has  ever 
arisen  of  electrical  current  in  the  voltaic  apparatus  without  chemical  action, 
and  there  is  every  ground  for  supposing  that  the  force  termed  chemical 
afilinity  is  identical  with  electrical  force. 

'On  the  other  hand,  the  contact  theory  is  embarrassed  by  anomalies  and 
improbabilities  in  the  nature  of  things.  It  assumes  that  a  current  is  called 
into  action  and  maintained  by  metallic  contact  alone;  here  we  must  assume 
the  force  of  contact  to  be  so  balanced  as  to  produce  in  any  voltaic  circle  an 
effect  equal  to  zero,  and  whilst  the  metallic  substances  in  contact  remain  in 
every  sense  unchanged  as  regards  their  particles,  they  are  supposed  actually 
to  discharge  into  each  other ;  if  any  change  of  state  or  condition  in  their 
constituent  particles  were  admitted,  it  would  then  become  a  chemical  theory. 
The  two  metals  also,  by  this  hypothesis,  are  in  opposite  electrical  states,  the 
one  being  positive,  the  other  negative,  which  states  become  at  once  destroyed 
by  the  intervening  fluid,  and  recommence  ;'but  how  ?  The  whole  effect  of 
the  apparatus  is  by  the  theory  a  disturbance  and  reproduction  of  electrical 
equilibrium,  it  in  no  way  supplies  an  explanation  of  the  production  and 
evolution  of  electricity.  The  force,  which  is  supposed  competent  to  produce 
a  change  of  electrical  state  in  metals  in  respect  to  each  other,  is  yet  incom- 
petent by  the  hypothesis  to  maintain  the  new  state  induced ;  and  without 
any  consumption  whatever  (»f  the  generating  force,  we  are  obliged  to  assume 
the  production  of  a  current,  continually  flowing  on,  against  a  constant  resist- 
ance; this  is  not  in  the  nature  of  things  of  which  we  have  the  least  experi- 
ence. 1  here  is  no  instance  in  nature  of  a  production  of  power  without  a 
corresponding  exhaustion  of  the  source  of  power.* 

(97)  Simple  Voltale  Cireles.  —  Assuming,  then^  that  the 
electricity  set  in  motion  by  the  contact  of  the  copper  and  zinc 
plates  in  Yolta's  fundamental  experiment  is  the  result  of  slight 
chemical  action,  it  is  easy  to  understand  that  increase  of  chemical 
action  should  give  rise  to  an  augmentation  of  electrical  force.  If  we 
take  two  platei^of  different  metals,  platinum  and  zinc  for  example, 
and  imtmerse  them  in  pure  water,  touching  each  other,  as  in  Fig.^i  22, 
9i  galvanic  circle  will  he  formed,  the  water  will  be  slowly  decomposed, 
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its  oxgyen  becopiing  fixed  on  the  zinc^  the  oxidizahle  metal,  and 
at  the  same  time  a  current  of  electricity  will  be  transmitted  through 
the  liquid  to  the  platinum,  on  the  surface  of  which  the  other  consti- 
tuent of  the  water,  viz.,  hydrogen,  will  make  its  appearance  in  the 
form  of  minute  gas  bubbles ;  the  electrical  current  passes  back  again 
to  the  zinc  plate  at  its  points  of  contact  with  the  platinum,  and  thus 
a  continued  curi^nt  is  kept  up.  The  moment  the  circuit  is  broken 
by  separating  the  metals,  the  current  ceases,  but  is  renewed  on 
making  them  again  touch.  It  is  not  indispensable  that  the  txwo 
plates  should  be  brought  into  immediate  contact,  as  in  Fig.  12^3, 
they  may  be  metallically  imited  by  wires  which  may  be  of  any 
length  provided  they  are  continuous  throughout,  and  are  brought 
into  contact  at  their  ends,  as  shown  in  Fig.  124.     The  eflfect  with 

Fig.  II}.  Fig.  1x4. 


pure  water  is  feeble,  and  after  some  time  the  current  nearly  ceases 
in  consequence  of  the  surface  of  the  zinc  becoming  coated  witli 
oxide ;  if,  however,  a  little  sulphuric  or  hydrochloric  acid  be  added 
to  the  water,  the  effect  is  greatly  increased,  because,  in  the  first 
place,  we  make  the  liquid  a  better  conductor  of  electricity ;  and, 
secondly,  and  chiefly,  because  the  oxide  of  zinc  is  removed  from 
the  surface  of  the  metal  as  fast  as  it  is  formed,  being  dissolved  by 
the  acid,  a  new  and  clean  surface  is  thus  continually  exposed,  and  an 
increased  facility  for  the  decomposition  of  water  is  afforded.  The 
force  originates  with  the  oxidation  of  the  zinc,  and  passes  in  the 
direction  of  the  arrow  through  the  liquid  to  the  platinum,  and 
thence  back  by  the  wires  b  c  to  the  zinc ;  sulphate,  or  chloride  of 
zinc,  is  formed  in  the  liquid,  but  the  formation  of .  either  of 
these  salts  has  little,  if  anything,  to  do  with  the  development  of 
the  electrical  current,  chemical  decomposition  being,  according  to 
the  chemical  theory,  absolutely  necessary  for  the  development  of 
current  electricity.  .        . 
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To  prove  that  the  wire  connecting  the  platinum  and  zinc  phrtes 
18  conducting  a  current  of  electricity,  we  have  only  to  place  a 
nicely-balanced  magnetic  needle  above  or  below  it,  and  we  shall 
find  that  the  needle  will  deviate  from  the  magnetic  meridian  in 
obedience  to  laws  which  will  be  described  hereafter  (Electro- 
magnetism)  )  but  how  are  we  to  accoimt  for  the  appearance  of  the 
bubbles  of  hydrogen  gas  on  the  surface  of  the  platinum  plate  ?     ' 

If  the  zinc  plate  be  amalgamated  by  dipping  it  into  dilute 
sulphuric  acid,  and  then  rubbing  it  over  with  mercury,  it  will  be 
found  that  dilute  sulphuric  acid  has  little  or  no  action  upon  it 
while  imconnected  with  the  platinum ;  the  moment,  however,  that 
metallic  communication  is  established  between  the  two  plates, 
either  in  or  out  of  the  liquid,  torrents  of  bubbles  will  rise  from 
the  latter  metal  as  if  it  were  undergoing  violent  chemical  action,, 
while  the  zinc  (the  metal  which  is  really  being  acted  upon  chemi- 
cally) is  dissolved  tranquilly,  and  without  any  visible  commotion. 
It  is  evident  that  this  phenomenon  cannot  be  explained  on  chemi- 
cal grounds  ahne ;  the  transference  of  the  hydrogen  is  to  be  con- 
sidered as  taking  place  by  the  propagation  of  a  decomposition 
through  a  chain  of  particles  extending  from  the  zinc  to  the  plati- 
num. Let  the  exciting  liquid  be  supposed  to  be  dilute  sulphuric ' 
acid  (HSO^)  -,  as  soon  as  metallic  communication  is  established 
between  the  two  plates,  the  particle  of  HSO4  in  contact  with  the 
zinc  undergoes  decomposition,  the  SO^  combining  with  the  zinc  to 
form  the  compound  ZnSO^  (sulphate  of  zinc)  ;  the  hydrogen  dis- 
placed now  unites  with  the  SO^  of  the  contiguous  particle  of  HSO^, 
displacing  its  hydrogen,  which  seizes  SO^  of  the  third  particle  of  ' 
HSO4,  and  so  on  till  the  platinum  plate  is  reached,  against  whicli 
the  hydrogen  of  the  last  particle  of  decomposed  HSO4  is  evolved, 
because  it  can  find  no  particle  of  SO^  to  combine  with,  and  because 
it  cannot  enter  into  chemical  union  with  the  platinum,  thus — 

Before  the  piates  are  connected.      {         After  the  plates  are  connected. 

^^         ^-.        ^--^  '      ZnS04  HSO4     HSO4     H  ^-  P 

Zn    SO4H    SO4H     SO4H     P     I       --^        —         — 

Now  there  is  nothing  in  the  appearance  of  the  liquid  between 
the  plates  which  indicates  the  transfer  of  the  disunited  elements 
above  alluded  to ;  and  the  vessel  which  contains  the  acid  may  be 
divido^  by  a  diaphragm  of  bladder  or  of  porous  earthenware 
without  interfering  with  the  general  result.  The  force  must  be 
conceived  to  travel  by  a  species  of  connection^  and  the  following 
illustration,  to  assist  us  in  forming  a  first  notion,  was  offered  by 
the  late  Professor  Daniell  {Introduction  to  Chemical  Philosophy) : — 

*  When  a  number  of  ivon'  balls  are  freely  suspended  in  a  row  so  as  jnst 
to  touch  one  another,  if  an  impulse  be  given  to  one  of  the  extreme  ones,  by 
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strikiug  it  with  a  hard  substance,  the  force  will  be  communicated  from  ball 
to  ball  without  disturbing  them,  till  it  reaches  the  more  distant,  which  will 
Ay  off  under  its  full  influence.  Such  analogies  are  remote,  and  must  not  be 
strained  too  far ;  but  thus  we  may  conceive  that  the  force  of  aflinity  receives 
an  impulse  in  a  certain  direction,  which  enables  the  hydrogen  of  the  first  par- 
ticle of  water  which  undergoes  decomposition  to  combine  momentarily  with 
the  oxygen  of  the  next  particle  in  succession,  the  hydrogen  of  this  agtan 
with  the  oxygen  of  the  next,  and  so  on,  till  the  last  particle  of  hydrogen 
communicates  the  impulse  to  the  platinum,  and  escapes  in  its  own  elastic 
form.' 

But  it  is  not  in  the  exciting  liquid  alone  that  this  remarkable 
transfer  of  elements  takes  place;  the  same  power  is  propagated 
through  the  wire  which  connects  the  platinum  and  zinc  plates  to- 
gether. To  prove  this,  let  the  wire  be  divided  in  the  middle,  and 
having  attached  to  each  end  a  long  slip  of  platinum  foil,  let  each 
be  immersed  in  a  glass  jar  containing  hydriodic  acid;  in  a  few 
.  seconds  iodine  will  appear  on  that  slip  of  foil  which  is  in  connec- 
tion with  the  platinum  plate  and  hydrogen  gas  on  the  other ;  so 
that,  supposing  a  decomposing  force  to  have  originated  at  the  zinc 
plate,  and  circulated  through  the  exciting  acid  in  the  jar  to  the 
platinum,  and  onwards  through  the  wires  and  through  the  hydri- 
.  odic  acid  back  to  the  zinc,  then  the  hydrogen  of  the  hydriodic 
acid  followed  the  same  course,  and  discharged  itself  against  the 
slip  of  platinum  foil  in  communication  with  the  zinc. 

It  does  not  require  ti^'o  metals  to  form  a  galvanic  circle,  or  even 
two  different  liquids,  if  other  conditions  are  attended  to.  A  cur- 
rent is  established  when  a  zinc  plate  is  cemented  into  a  box,  and 
.  acted  upon  on  one  side  by  diluted  acid,  and  on  the  other  by 
solution  of  salt ;  or  by  acting  on  both  sides  by  the  same  acid,  one  sur- 
face being  rough,  and  the  other  smooth,  a  communication  being  of 
course  established  between  the  two  cells.  Common  zinc  affords  a 
good  illustration  of  a  simple  galvanic  circle :  this  metal  usually 
contains  about  one  per  cent,  of  iron  mechanically  diffused  through 
it.  On  immersion  into  diluted  sulphuric  acid,  these  small  par- 
ticles of  zinc  and  iron  form  numerous  voltaic  circles,  transmitting 
the  current  through  the  acid  that  moistens  them,  and  liberating  a 
large  quantity  of  hydrogen  gas. 

(98)  Sir  B.  Davy's  proposed  Copper  Protectors.  —  In  pro- 
portion as  the  contact  of  two  metals  in  an  acid  or  saline  solution 
increases  the  affinity  of  one  of  them  for  one  element  of  the  solu- 
tion, it  diminishes  the  liability  of  the  other  metal  to  undergo 
change.  Thus,  when  zinc  and  copper  are  united  in  diluted  acid, 
the  zinc  is  acted  upon  moi*«,  and  the  copper  fesM,  than  if  they  were 
immersed  separately.  A  sheet  of  copper  undergoes  rapid  corrosion 
in  sea  water,  the  green  oxychloride  being  formed ;  but  if  it  be 
associated  with  another  metal  more  electro-positive  than  itself,  such 
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as  zinc,  it  is  pi*eserved,  and  the  zinc  undergoes  a  chemical  change. 
Davy  attempted  to  make  an  important  practical  application  of  this 
fact.  He  found  that  the  quantity  of  zinc  requisite  to  effect  a  com- 
plete preservation  of  the  copper  was  proportionably  very  small.  A 
small  nail  of  the  former  metal  will  preserve  forty  or  fifty  square 
inches  wherever  it  may  be  placed ;  and  he  found  that  with  several 
pieces  of  copper  connected  by  filaments,  the  fortieth  of  an  inch  in 
diameter,  the  effect  was  the  same. 

Sheets  of  copper  protected  by  ^\y  and  ^^  part  of  their  sur- 
face of  zinc,  and  of  malleable  and  cast  iron,  were  exposed  during 
many  weeks  to  the  flow  of  the  tide  in  Portsmouth  harbour,  their 
weight  before  and  after  the  experiment  being  carefully  noted. 
When  the  metallic  protector  was  from  ,\y  to  yj^,  there  was  no 
corrosion  or  decay  of  the  copper;  with  ^^  to  ^>|y,  there  was  a 
loss  of  weight :  but  even  y^^  part  of  cast  iron  saved  a  portion 
of  the  copper.  It  occurred  to  Davy  that  this  principle  might  be 
applied  to  the  preservation  of  the  copper  sheathing  of  ships ;  but 
unluckily  it  was  found  that,  unless  a  certain  degree  of  corrosion 
takes  place  in  the  copper,  its  surface  becomes  foul  from  the  adhe- 
sion of  sea- weeds  and  shell-fish.  The  oxychloride  formed  when 
the  sheathing  is  unprotected,  acts  probably  as  a  poison  to  these 
plants  and  animals,  and  thus  preserves  the  copper  free  from  foreign 
bodies,  by  which  the  sailing  of  the  vessel  is  materially  retarded. 
It  was  proposed  by  Reinsch  (Jahrh,  fur  Prakt.  Pharm.,  vii.  p.  94) 
to  cover  the  copper  sheathing  of  vessels  with  a  thin  layer  of 
arsenic  in  the  moist  way.  This  coating  would  cost  very  little, 
would  not  be  acted  upon  by  the  salt  water,  and  would  prevent 
moUusca  from  adhering  to  the  bottom  of  the  vessel. 

(99)  Modifications  of  tlie  Simple  Oalvanio  Circle. 

1.  The  Original  Cylindrical  Aittery.  —  This  is 

shuwn  in  Fig.  125.    It  consists  of  a  double  cy-  pig.  115. 

linder  of  copper  closed  at  the  bottom,  to  contain 
the  acid,  and  a  similar  but  smaller  cylinder  of 
zinc,  which  is  kept  from  touching  the  sides  of  the 
copper  by  pieces  of  cork ;  both  are  furnished  with 
wires  terminated  by  caps  to  contain  mercury  for 
the  convenience  of  making  and  breaking  the  cir- 
cuit The  quantity  of  electricity  set  in  motion  by 
these  simple  circles,  when  on  a  large  scale,  is  very 
great,  but  the  intensity  is  very  low.  No  physio- 
logical effects  are  experienced  when  the  body  is 
included  in  the  circuit,  nor  is  water  deitomposed ; 
their  eahrifie  powers  are,  however,  so  great  that 
they  were  called  by  Dr.  Hare  calorimotors, 

2.  Pepye'e  Battery,  as  arranged  by  him  for  the  une 

of  the  Boyal  Institution,— Thia  is  shown  in  Fig.  126.     It  lonsisted  of  a  sheet 
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of  zinc,  and  bne  of  copper,  coiled  round  each  other,  each,  being -sixty  feet 
long  and  two  feet  wide ;  they  were  kept  asunder  by  the  intervention  of  hair 
ropes,  and  suspended  over  a  tub  of  acid,  so  that  by  a  pulley  or  some  other 
simple  contrivance  they  could  be  immersed  and  removed.  About  fifty- 
gallons  of  dilute  acid  were  required  to  charge  this  batter}^  and  its  power 
was  of  course  very  great 

3.  Smee's  platinised  Silver  Battery. — A  cell  of  this  battery  is  shown  in 
Fig.  127.  Its  advantages  consist  in  the  mechanical  help  which  the  finely- 
divided  platinum  on  the  surface  of  the  silver  affords  to  the  evolution  of 
hydrogen  gas.  In  the  ordinary  arrangement  of  copper  and  zinc,  or  silver 
and  zinc,  the  hydrogen  gas  has  a  tendency  to  adhere  to  the  smooth  surface 
of  the  copper  or  silver  (the  negative  metals),  and  its  presence  in  the  decom«- 
posing  liquid  has  the  effect  of  reducing  the  sulphate  of  zinc,  and  causing  a 
deposition  of  metallic  zinc  on  the  negative  metal ;  thus  impairing,  and  in 

Fig.  ii6.  Fig.  117. 


tlM^  course  of  time  stopping,  the  action  of  the  battery.  In  the  platinized 
silver  battery  a  fine  powder  of  metallic  platinum  is  deposited  on  the  silver 
plate.  This  is  done  by  immersing  the  plate  in  water  to  which  a  little  dilute 
sulphuric  acid  and  solution  of  chloride  of  platinum  have  been  added.  A 
simple  circuit  is  then  formed  by  connecting  the  plate  metallically  with  a 
zinc  plate  placed  in  a  porous  tube  containing  dilute  sulphuric  acid.  After 
a  short  time  the  silver  becomes  coated  with  reduced  platinum  in  the  form  of 
a  fine  black  powder.  The  surface  of  the  silver  plate  should  be  roughened 
by  brushing  it  over  with  a  little  strong  nitric  acid  previous  to  immersing  it 
in  the  platinum  solution. 

A  sheet  of  platinized  silver  thus  prepared  is  attached  to  a  beam  of  wood, 
and  is  furnished  with  a  binding  screw;  on  either  side  of  it  is  fixed  a  plate 
of  amalgamated  zinc  var^'ing  from  one-half  to  the  entire  width  of  the  silver; 
these  plates  are  held  in  their  places  by  a  binding  screw  sufiiciently  wide  to 
embrace  both  the  zincs  and  the  w^ood.    The  arrangement .  is  immersed  in  a 
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Fig.  118. 


jar  containing  a  mixture  of  one  part  of  oil  of  vitriol  andseren  parts  of  water; 
not  the  slightest  effect  is  produced  till  a  communication  is  made  by  a  con- 
ductor between  the  two  metals,  when  torrents  of  hydrogen  gas  escape  from 
the  negative  plate,  and  an  active  voltaic  current  is  set  in  motion. 

4.  DanieWt  Sulphate  of  Capper  or  Qmstant  Battery. — The  hydrogen 
evolved  from  the  negative  plate  of  a  common  galvanic  battery  has  a  two- 
fold injurious  tendency.  In  the  first  place,  it  reduces  the  oxide  of  zinc, 
and  deposits  metallic  zinc  on  the  negative  metal,  thereby  greatly  reducing 
the  circulating  force;  and  secondly,  during  the  assumption  of  a  gaseous 
form,  it  interferes  with  the  development  of  available  electricity  by  annulling 
a  considerable  portion  of  that  actually  generated.  It  was  a  desirable  object, 
therefore,  to  get  rid  of  it  altogether,  and  this  Mr.  Daniell  was  the  first  to  effect. 
He  caused  the  hydrogen  liberated  by  the  decomposition  of  water  in  the 
battery  to  perform  chemical  work,  instead  of  allowing  it  to  escape  as  gas. 

*  Fig.  128  represents  a  single  cell  of  the  constant  battery ;  it  is  a  cylinder 
of  copper,  in  which  is  placed  a  cylindrical  vessel  made  of 
nnglazed  biscuit  ware ;  in  this  porous  tube  a  solid  rod  of 
amalgamated  zinc  is  introduced,  care  being  taken  that  it 
does  not  touch  the  porous  tube ;  the  copper  vessel  is  filled 
with  a  saturated  solution  of  sulphate  of  copper,  with  a 
little  sulphuric  acid ;  the  porous  cell  is  filled  with  dilute 
italphurtc  acid,  and  on  a  perforated  shelf  fixed  to  the 
upper  part  of  the  copper  cylinder  cr}'stal8  of  sulphate  of 
copper  are  placed  in  order  to  keep  the  liquid  saturated 
with  the  saline  copper  solution.  On  making  a  conducting 
communication  between  the  two  metals,  water  is  as  usual 
decomposed,  but  the  hydrogen,  instead  of  being  given 
off  in  the  form  of  gas,  passes  through  the  porous  cell,  and, 
entering  the  copper  solution,  reduces  the  oxide  of  copper, 
while  the  sulphate  of  zinc  is  retained  in  the  porous  cell, 
kept  well  supplied  with  crystals  of  sulphate  of  copper,  the  battery  will 
maintain  an  equal  action  for  many  hours. 

.  The  manner  in  which  the  force  is  transmitted  through  the  cells 
may  be  illustrated  by  the  subjoined  diagram,  where  sulphate  of 
copper  is  regarded  as  a  compound  of  copper  with  the  compound 
radical  oxysulphion  (SOJ,  and  dilute  sulphuric  acid  as  a  compound 
of  hydrogen,  with  the  same  radical;  the  brackets  above  the 
symbols  indicate  the  connection  of  the  particles  before  the  plates 
are  brought  into  contact,  and  those  below,  the  arrangement  of  the 
molecules  after  the  connection  has  been  made,  A  a  representing  the 
porous  diaphragm : — 

A 


If  the  shelf  be 


Cu  Cu  SO4  Cu  SO4  -^  H  SO4  H  SO4  Zn 


When  the  Daniel!  battery  is  required  for  continued  action,  it 
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is  lietter  not  to  amalgamate  the  zinc  plate,  and  the  battery  is  more 
constant,  though  not  so  powerful,  when  the  zinc  cell  becomes 
saturated  with  sulphate  of  zinc,  provided  the  salt  does  not  crystal- 
lize. Although  the  porous  cell  retards,  it  does  not  entirely  prevent 
the  mixing  of  the  solutions,  and  after  a  time  much  of  the  copper 
solution  escapes  into  the  zinc  cell ;  the  latter  should,  therefore,  be 
larger  than  the  cell  containing  the  copper  solution  when  continued 
action  is  required.* 

5.  Gmve^B  Nitric  Acid  Battery. — In  this  arrangement  the  hydrogen  is  also 
made  to  do  chemical  work.  The  elements  of  the  battery  are  platinum,  zinc, 
dilute  sulpburic  acid,  and  nitric  acid  of  common  strength.  The  zinc  ele- 
ment is  a  cylinder  z  (Fig.  129),  open  at  both  ends,  and  divided  longitudi* 

Fig.  119.  Fig.  I  JO. 


nally;  this  is  plunged  into  a  glass  or  stoneware  vessel  containing  dilute 
sulphuric  acid;  the  platinum  plate  p  (Fig.  130),  which  may  be  corrugated 
to  give  it  greater  surface,  is  immersed  in  a  porous  cell  containing  nitric  acid. 
The  energy  of  this  combination  is  very  great ;  the  hydrogen,  on  emerging 
from  the  porous  cell,  encounters  nitric  acid,  which  it  decomposes,  seizing 
oxygen,  with  which  it  re-forms  water,  a  lower  oxide  of  nitrogen  being  at 
the  same  time  produced  and  dissolved  in  the  nitric  acid,  which  accordingly 
changes  colour,  becoming  first  yellow,  then  green,  and  then  blue. 

The  manner  in  which  the  force  is  transmitted  is  exhibited  in  the  follow- 
ing diagram,  where  nitric  acid  is  represented  by  the  symbol  (HN050)  = 
(HNOe),  and  dilute  sulphuric  acid,  as  before,  by  (HSO4),  the  brackets  above 

•  A  battery  known  as  the  *  Pile  Marie  Davy*  in  which  sulphate  of  mer- 
cury and  carbon  electrodes  are  substituted  for  the  sulphate  of  copper  and 
copper  electrodes  of  the  Daniell  battery,  was  exhibited  at  the  International 
Exhibition  of  1862  by  J.  A.  Delenil,  of  Paris.  This  new  form  is  clean  and 
constant,  but  it  is  weaker  than  DanielPs  cell;  it  has  considerable  inherent 
resistance,  and  is  expensive  in  the  first  instance,  but  it  has  been  used  to 
some  extent  in  France  for  telegraphic  purposes. 
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the  symbols  indicating  the  state  of  union  of  the  particles  before^  and  tho^e 
below  the  symbols  the  state  of  union  afUtf  the  connection  between  the  zinc 
and  platinum  has  been  made : — 

D 


Pt     HNO5O    i  HSO4    HSO4     Zn 

i> 

Part  of  the  nitric  acid  is  resolved  into  water  and  nitrons  acid,  which,  being 
dissolved  in  the  nndecomposed  nitric  acid,  renders  it  an  excellent  liquid 
conductor. 

The  superior  power  of  this  battery  is  thus  explained  by  its  author  (£.  and 
E,  FhiL  Mag^  vol.  xv.  p.  289) : — *  In  the  common  zinc  and  copper  battery, 
the  resulting  power  is  the  affinity  of  oxygen  for  zinc,  minus  its  affinity  fur 
copper.  In  the  common  constant  battery  (Daniell's),  it  is  as  the  same  affinity, 
plus  that  of  oxygen  for  nitrogen,  minus  that  of  oxygen  for  copper.  In 
the  nitric  acid  battery,  the  same  order  of  positive  affinities,  minus  that  of 
oxygen  for  nitrogen.  As  nitric  acid  parts  with  its  oxygen  more  readily  thun 
oxide  of  copper,  resistance  is  lessened,  and  the  power  correlatively  increased. 

*In  the  common  combination,  zinc  is  precipitated  on  the  negative  metal, 
and  a  powerful  opposed  force  is  created ;  in  the  sulphate  of  copper  battery, 
copper  is  precipitated,  and  the  opposition  is  lessened;  in  the* nitric  acid 
batter^',  there  is  no  precipitation,  and  consequently  no  counteraction.' 

6.  Bun$€n»  Carbon  Battery.— The  substitution  of  carbon  for  platinum  in 
the  nitric  acid  battery  was  the  suggestion  of  Bunsen  (^Archives  de  fj^lee- 
trhiiS,  No.  vii.  p.  103 ;  Fogg.  Ann.,  vol.  iv.  p.  265).  1  he  carbon  is  prepared 
by  heating  together  in  proi>er  proportions  a  mixture  of  well-burnt  coke 
and  pit-coal,  both  in  line  powder.  The  mixture  is  heated  over  a  moderate 
charcoal  fire  in  sheet  iron  moulds,  or  in  the  form  of  hollow  cylinders,  by  in- 
troducing within  the  iron  mould  a  cylindrical  wooden  box,  and  filling  with  the 
mixture  the  interval  between  the  two  walls.  Torender  the  porous  mass  com- 
pact,  it  is  plunged  into  a  concentrated  solution  of  sugar,  and  dried  until  the 
sugar  has  acquired  a  solid  consistence.  It  is  afterwards  exposed  for  several 
hours  to  the  action  of  very  intense  heat  in  a  covered  vessel.  If  discs  are  re- 
Fig,  iji. 


quired,  they  are  cut  out  of  a  cubical  block  of  the  prepared  carbon,  and  polished 
on  a  plate  of  greystone.  Bunsen 's  batter}'  has  the  cylindrical  form  of  DanieU's 
(Fig.  131).    Each  carbon  cylinder  carries  at  its  upper  part  a  collar  of  copper. 
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canying  a  strip  of  the  same  metal,  by  which  it  can  be  metallically  connected 
by  means  of  pincers  with  another  metal  strap  soldered  to  the  ssinc  cylinder 
in  the  adjoining  cell ;  care  mast,  however,  be  taken  that  the  carbon  cylindcfr 
is  sufficiently  high,  that  the  part  which  carries  the  copper  ring  shall  rise 
above  the  glass  vessel,  and  consequently  shall  in  no  way  come  into  contact 
with  the  nitric  acid.  It  is  difficult,  however,  to  prevent  this  in  consequence 
of  the  porosity  of  the  carbon,  and  the  ring  must  therefore  be  removed  and 
washed  every  time  the  battery  is  used.  The  porous  earthen  cell  is  placed 
with  the  carbon  cylinder  in  which  is  contained  the  zinc  element. 

According  to  Bunsen,  with  equal  surfaces,  the  powers  of  a  platinum  and 
carbon  battery  are  nearly  equal ;.  and  aqcQrding  to  De  la  Rive  the  carbOn 
arrangement  is  constant  for  a  longer  time.  It  is  stated  by  M.  Duchemin 
that  in  a  Bunsen*^  battery  the  nitric  acid  may  be  replaced  by  percbloride  of 
iron,  and  the  sulphuric  acid  by  a  solution  of  chloride  of  sodium,  or,  still  better, 
by  chloride  of  potassium. 

,  (100)  Compound  Voltaic  CIreles  or  Batteries. — ^Volta's  'pile ' 
(Fig.  xzo,  p.  159)  was  the  first  compound  battery  that  was  con- 
structed ;  it  is  easy,  however,  to  see  that  many  inconveniences 
must  attach  to  it  when  the  plates  are  numerous ;  in  addition  ta  . 
the  trouble  of  building  it  up,  it  is  frequently  rendered  compara- 
tively inactive  by  the  moisture  pressed  out  of  the  lower  part  by 
the  weight  of  the  upper ;  hence  the  substitution  of  troughs  and 
other  arrangements.     YoMa^  Coiironnes  des  tosses^  (^g«  ^3*)  is 

Fig.  134. 


the  most  simple  of  these  arrangements.  This  consists  of  a  row*  of 
small  glasses  or  cups  containing  dilute  sulphuric  acid,  in  each  of 
which  is  placed  a  small  plate  of  copper,  about  two  inches  square, 
and  another  similar  sized  plate  of  zinc,  not  touching  ecush  other, 
but  so  constructed  that  the  zinc  plate  of  the  first  glass  may  be  in 
metallic  communication  with  the  copper  of  the  second,  the  zinc  of 
the  second  with  the  copper  of  the  third,  and  so  on,  throughout 
the  series.  By  this  arrangement,  when  glasses  are  employed,  we 
can  see  what  is  going  on  in  each  cell  \  and  if  the  zinc  plates  be 
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amalgamated,  it  will  be  observed  that,  when  the  wires  are  con- 
Aiected,  and  consequently  when  a  current  is  passing,  all  the  copper 
surfaces  are  rapidly  eyolving  hydrogen  gas,  while  the  solution  of 
the  zinc  proceeds  quietly ;  but  that,  when  the  connection  between 
the  extreme  plates  is  broken,  the  evolution  of  gas  ceases.  Eighteen 
or  twenty  pairs  of  plates  will  decompose  acidulated  water  rapidly, 
and  thirty  will  give  a  distinct  shock  to  the  moistened  hands. 

a.  Cruiokahank^s  Battery, — In  this  modification,  shown  in  Fig. 
133,  the  plates  are  fixed  in  pairs  in  a  trough  of  wood,  so  that  the 

rig.  in. 


-n^*^ 

:«**^^^^^ 


exciting  liquid,  which  may  be  either  dilute  sulphuric  acid  or  solu- 
tion of  sulphate  of  copper,  may  be  easily  removed  and  renewed. 
3.  Babinffton's  BaUery  (Fig.  134).— The  plates  of  copper  and 

Fig.  lu. 


zine,  usually  about  four  inches  square,  are  united  in  pairs  by 
soldering  at  one  point  only ;  the  trough  in  which  they  are  im- 
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inersed  is  made  of  eartlienware,  and  divided  into  ten  or  twelve 
equal  compartments.  The  plates  are  attached  to  a  strip  of  wood^ 
and  so  arranged  that  each  pair  shall  enclose  a  partition  between 
them ;  by  this  arrangement  the  whole  set  may  be  lifted  at  once  into 
or  out  of  the  cells  ^  and  thus,  while  the  fluid  remains  in  the  trough, 
the  action  of  the  plates  may  be  suspended  at  pleasure,  and,  when 
corroded,  easily  replaced.  The  piece  of  wood  to  which  the  plates 
are  attached  should  be  well  dried,  and  then  varnished  in  order  to 
render  it  a  non-conductor  of  electricity.  When  several  of  these 
troughs  are  to  be  united  together,  it  is  necessary  to  be  careful  in 
their  arrangement,  as  a  single  trough  reversed  will  very  materially 
diminish  the  general  eflect.  Care  must  also  be  taken  to  insure 
perfect  commimication  between  the  several  plates. 

4.   Wo^laston^s  Batteiy. — The  copper  plate  is  here  doubled,  so  as 
to  oppose  it  to  both  surfaces  of  the  zinc,  as  shown  in  Fig.  135, 

Fig.  135.  Fig.  136. 


A  represents  the  bar  of  wood  to  which  the  plates  are  screwed ; 
B  B  B  the  zinc  plates  connected  with  the  copper  plates 
c  c  c,  which  are  doubled  over  the  zinc  plates.  Contact  of  the 
surfaces  is  prevented  by  pieces  of  wood  or  cork  placed  between 
them.  Ten  or  twelve  troughs  on  this  construction  form  an  eflicient 
voltaic  battery. 

5.  DanieWs  Compound  Battery. — A  set  of  six  is  shown  in  Fig. 
136,  and  a  large  set  of  ten  in  Fig.  137.  A  series  of  thirty  cells  of 
the  smaller  size,  six  inches  high  and  three  and  a  half  inches  in  dia- 
meter, forms  a  powerful  battery ;  and  a  series  of  seventy  cells  of 
the  larger  size,  when  arranged  in  a  single  serie,  between  charcoal 
terminals,  produces  a  voltaic  arc  the  heat  of  which  is  sufficiently 
intense  to  fuse  bars  of  platinum  one-eighth  of  an  inch  square^  and 
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to  melt  in  considerable  quantities  the  most  infusible  metals,  such 
as  rhodium,  iridium,  and  titanium. 

In  one  form  or  another,  Danieirs  battery  is  now  chiefly  used  by 
the  large  telegraph  companies.  A  very  compact  arrangement  was 
exhibited  at  the  International  Exhibition  of  i86z  by  Messrs. 
Reid  Brothers  (Jurors^  Report),  A  glass  trough  is  subdivided 
into  cells  by  five  partitions ;  this  cellular  trough  is  formed  of  one 

Fig.  137. 


solid  piece  of  glass.  Each  cell  is  again  subdivided  by  a  porous 
plate,  cemented  at  each  side  and  at  the  bottom  between  two 
cheeks.  The  zinc  and  copper  plates  connected  in  pairs  stand 
astride  the  glass  partitions,  and  the  subdivisions  are  alternately 
filled  with  sulphate  of  copper  and  acidulated  water.  This  battery 
18  strong  and  portable,  but  the  porous  plates,  when  worn  out,  can 
only  be  removed  and  replaced  with  difficulty. 

6.  Smee's  Compound  Battery , — ^A  set  of  six  cells,  arranged  for  in- 
tensity effects,  is  shown  in  Fig.  138;  the  plates  are  raised  from,  and 
unmersed  into,  the  cells  by  means  of  a  winding  apparatus.  A 
aeries  of  ten  or  twelve  forms  an  efficient  battery.  It  is  important 
in  using  this  arrangement  to  take  care  that  no  sslt  of  coppery  lead, 
or  other  base  metal  be  dropped  into  the  exciting  liquid,  as  in  that 
case  there  is  a  chance  of  getting  a  deposit  on  the  negative  metal. 
A  useful  form  of  Smee's  battery  for  telegraphic  purposes  was 
exhibited  at  the  International  Exhibition  of  1862  by.  E.  Tyer 
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(Jurors'  Jieport),  The  zinc  plates  can  be  readily  remoyed,  cleaned, 
and  replaced ;  they  lie  in  a  saucer  of  mercury,  which  fulfils  the 
double  purpose  of  maintaining  the  zinc  constantly  amalgamated, 
and  of  making  contact  between  the  copper  and  zinc  strip  which 
connects  the  zinc  with  a  platinised  silver  plate  in  the  next  cell> 
This  copper  strip  is  insulated  by  gutta-percha  except  where  covered 
by  the  mercury.  Very  little  local  action  can  take  place  owing  to 
the  thorough  and  constant  amalgamation  of  the  zinc ;  and,  there- 
fore, if  the  circuit  be  only  occasionally  closed  for  short  periods,  it 
will  remain  very  constant.    Mr.  Walier  substitutes  ffraphite  for 


Fig.  138. 


platinized  silver  in  his  modification  of  Smee's  batteiy,  and  he  has 
more  recently  platinized  the  graphite,  by  which,  he  states,  the 
liberation  of  hydrogen  is  much  facilitated,  and  polarization,  one 
great  defect  of  single  fluid  batteries,  much  diminished.  The  cost 
of  the  platinising  process  is  about  one  halfpenny  per  plate  of  7  inches 
by  3  inches.  The  platinized  plates  are  said  also  to  keep  much 
cleaner  than  the  simple  graphite  plates.  * 

7.  Grovels  Compcund  Battery. — ^A  set  of  four  cells  arranged  in 
series  is  represented  in  Fig.  139,'  and  in  section,  Fig.  140,  and  the 
first  set  of  plates  removed  from  the  porcelain  through  b  shows 
clearly  the  arrangement.  .^  a  is  the  bent  zinc  plate,  b  the  plati- 
num plate  in  its  porous  cell,  c  the  next  platinum  plate,  connected 
by  means  of  a  binding  screw  with  the  zinc  at  a. 

A  series  of  five  cells  of  this  battery,  containing  altogether  about  four 
sqaare  feet  of  platinum,  liberated  from  acidulated  water  no  cubic  inches  of 
oxygen  and  hydrog^  gases  per  minute.  A  series  of  fifty  cells,  the  pUtinum 
plates  being  two  inches  by  four,  produced  between  charcoal  points  a  volami* 
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nous  flame  one  inch  and  a  quarter  lon^,  and  dissipated,  in  the  form  of  oxide, 
bars  of  yarious  metals«    With  an  arrangement  of  one  hundred  cells,  the 

Fig.  139. 


Pig.  140. 


flame  between  charcoal  terminals  is  exceedingly  voluminons,  and  so  brilliant 
as  to  be  almost  insupportable  to  the  naked  eye;  upwards  of  tvro  feet  of 
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stout  iron  wire  are  heated  to  ivhiteness,  and  nltimatelv  fused ;  and  aolpfanret 
of  antimony  is  decomposed,  and  the  metal  brilliantly  deflagrated.   . 

(lox)  y assise  State  of  Iron. — ^When  iron  wire  is  immersed 
in  nitric  acid  (sp.  gr.  1*35),  it  is  attacked  with  violence;  but  it 
was  first  noticed  by  Sir  John  Herschell  that,  if  the  wire  be  asso- 
ciated with  a  piece  of  gold  or  of  platinum,  it  is  quite  inactive  in 
acid  of  that  strength.  Once  touching  the  wire  while  in  the  acid 
with  platinum  or  gold  is  sufficient  to  render  it  inactive,  and  to 
cause  it  to  continue  so,  even  after  the  removal  of  the  platinum  or 
gold,  but  on  touching  it  with  another  piece  of  iron  or  zinc  wire,  it 
is  immediately  powerfully  acted  upon.  Heat  has  a  similar  efiect 
in  causing  iron  wire  to  assume  an  inactive  state  :  if  one-half  of  a 
piece  of  wire  be  heated  in  a  spirit-lamp  until  a  blue  tinge  is  visible, 
and  then  allowed  to  cool;  the  end  that  has  l^een  heated  is  quite 
passive  in  nitric  acid,  the  imheated  end  being  powerfully  acted 
upon ;  if  now  the  heated  end  be  rubbed  bright  with  sand-paper^ 
its  active  condition  is  restored. 

When  an  inactive  wire  and  one  that  is  active  are  dipped  into 
a  glass  containing  nitric  acid,  and  made  to  touch  above  the  liquid, 
action  is  excited  in  the  indifferent  wire. 

When  an  active  wire  is  associated  with  a  passive  wire,  and  both 
plunged  into  the  acid,  the  pamve  wire  entering  the  liquid  ^r«<,  the 
active  wire  is  rendered  passive ;  this  wire  will  now  render  another 
conmion  iron  wire  passive,  the  second  wii'e  will  destroy  the  activity 
of  a  third  wire,  and  so  on ;  if  the  wires  be  removed  from  the  acid, 
wiped,  and  then  reintroduced,  their  active  condition  is  found  to 
be  restored ;  but  they  are  again  rendered  passive  by  repeating  the 
process  above  described. 

When  an  iron  wire  protected  by  platinum  is  immersed  in  a 
solution  of  nitrate  of  copper  in  nitric  acid,  it  remains  bright;  if  the 
protecting  platinum  be  removed  immediately  after  the  immersion 
of  the.  associated  metals  in  the  saline  solution,  metallic  copper 
is  generally  immediately  precipitated  upon  the  iron  wire,  but  if  the 
two  metals  be  allowed  to  remain  in  contact  for  an  hour  or  so,  the 
iron  wire  will  retain  its  brightness  in  the  solution  for  any  length 
of  time,  if  undisturbed. 

If  a  long  passive  wire  be  placed  in  a  vessel  containing  nitric 
acid,  and  a  piece  of  ordinary  iron  wire  bent  into  the  form  of  a  fork 
be  slid  down  it  into  the  acid,  it  assumes  the  passive  condition ;  if 
the  long  wire  be  removed,  the  fork  continues  inactive,  but  is  in- 
stantly thrown  into  action  by  touching  it  with  another  piece  of 
oi'dinaiy  wire. 

Let  one  end  of  a  platinum  wire  be  connected  with  one  extremity 
of  a  galvanometer,  and  let  the  other  dip  into  a  glass  containing 
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nitric  acid ;  if  now  one  end  of  a  piece  of  ordinary  iron  wire  be 
connected  with  the  other  extremity  of  the  galvanometer,  and  the 
opposite  end  of  the  wire  dipped  into  the  acid,  the  latter  will  be 
fomid  to  have  no  action  upon  it,  and  the  needle  of  the  galvanometer 
will  remain  stationary ;  let  it  now  be  touched  with  an  ordinary 
iron  or  zinc  wire,^t  will  immediately  start  into  activity,  and  the 
needle  of  the  galvanometer  will  be  violently  deflected.  In  this 
experiment  a  piece  of  iron  wire  that  has  been  rendered  inactive 
may  be  substituted  for  the  platinum  wire.    , 

1£  several  glasses  be  filled  with  nitric  acid,  and  connected  to* 
gether  by  arcs  of  associated  platinum  and  iron  wires,  the  circuit 
being  established,  as  in  the  above  experiment,  through  the  galva- 
nometer, the  wires  in  all  the  glasses  will  remain  passive  until 
the  iron  in  ofie  is  touched  in  the  acid  by  an  ordinary  wire ;  the 
wires  in  aZ7  the  glasses  are  then  thrown  into  activity,  the  galvano- 
meter being  powerfully  deflected. 

A  voltaic  battery  consisting  of  zinc  and  passive  wire,  or  of 
passive  and  active  iron,  in  either  case  excited  after  the  manner  of 
a  Grove's  battery,  was  described  by  Professor  Schonbeinj  its  power 
was  stated  to  be  very  great ;  it  is  not,  however,  an  arrangement 
to  be  recommended. 

8.  CaUan's  Compound  Cast  Iron  Battery. — Cast  iron  and  zinc 
form  an  effective  voltaic  circle.  Mr.  Sturgeon  first  suggested  the 
luse  of  these  metals  (Annals  of  Blectricityf  vol  v.).  A  prodi- 
gious battery,  the  largest  probably  that  was  ever  made,  was  con- 
structed by  Professor  Callan,  of  Maynooth,  cast  iron  being  the 
negative  element  {Phil,  Mag,,  vol.  xxviii.  49).  It  consisted  of  300 
cast-iron  cells,  each  containing  a  porous  cylinder  holding  a  zinc 
plate  four  inches  square ;  1 10  cast-iron  cells,  each  holding  a  porous 
cylinder  and  zinc  plate  six  inches  by  four;  and  177  cast-iron  cells, 
^ich  containing  a  porous  cell  and  a  zinc  plate  six  inches  square. 
The  entire  battery  consisted  therefore  of  577  voltaic  circles,  con- 
taining mnety-six  square  feet  of  zinc,  and  ahout  two  hundred  square 
feet  of  cast  iron.  It  was  charged  by  pouring  into  each  cast-iron  cell 
a  mixture  of  twelve  parts  of  concentrated  nitric  acid  and  eleven 
and  a  half  of  strong  oil  of  vitriol,  and  by  filling  to  a  proper  height 
each  porous  cell  with  dilute  nitro-sulphuric  acid,  consisting  of  about 
^Te  parts  of  sulphuric  acid,  two  of  nitric,  and  forty-five  of  water. 
In  charging  the  entire  battery,  there  were  used  about  fomjeen 
gallons  of  nitric  and  sixteen  gallons  of  sulphuric  acid. 

The  diecbarge  of  this  battery  through  a  very  large  turkey  instantly  killed 
it.  In  order  to  give  the  shock,  a  pie^e  of  tin*foil  about  four  inches  square 
was  placed  under  each  wing,  along  the  sides  of  the  bird,  which  were  previously 
stripped  of  their  feathers  and  moistened  with  dilute  acid.    The  foil  was  kept 
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iu  close  contact  with  the  skin  by  pressing  the  wings  against  the  sides.  The 
person  who  held  the  bird  had  a  very  thick  cloth  between  each  hand  and  the 
wing  in  order  to  save  him  from  the  shock.  When  the  discharge  took  place, 
the  craw  of  the  turkey  was  burst. 

When  a  copper  wire  in  connection  with  the  negative  end  of  the  battery 
was  put  in  contact  with  a  brass  ring  connected  with  the  positive  end,  a 
brilliant  light  was  instantly  produced.  The  coppec  wire  was  gradually 
separated  from  the  brass  ring  until  the  arc  of  light  was  broken.  The  greatest 
length  of  the  arc  was  about  ^oe  inches, 

(102)  Tb^  "VTater  Battery. — When  a  series  of  some  hundred 
couples  of  zinc  and  copper  are  arranged  yoltaicallyy  and  charged 
with  common  water,  a  battery  is  obtained,  the  electricity  of  which 
is  of  a  high  degree  of  intensity,  resembling  that  of  the  common 
electrical  machine ;  indeed,  by.  connecting  the  extremities  of  such 
an  arrangement  with  the  inner  and  outer  coatings  of  a  Leyden 
battery,  it  becomes  charged  so  instantly  that  almost  continuous 
discharges  may  be  produced. 

Mr.  Crosse  arranged  2,400  pairs  of  copper  and  zinc  plates,  paying 
great  attention  to  insulation.  When  the  opposite  poles  of  the 
series  were  connected  with  the  inner  and  outer  coatings  of  a  Leyden 
battery  containing  73  feet  of  surface,  a  continued  charge  was 
maintained,  each  discharge  being  accompanied  by  a  loud  report, 
piercing  letter-paper,  and  fudng  silver  leaf  and  platinum  wire. 

Mr.  Gassiot  subsequently  constructed  a  water  battery  of  3,520 
pairs  of  copper  and  zinc  cylinders^  each  pair  being  placed  in  a 
separate  glass  vessel,  well  covered  with  a  coating  of  lac  varnish. 
Notwithstanding  all  the  precautions  taken,  the  insulation  was  still 
imperfect,  nor  docs  perfect  insulation  seem  attcdnable  for  any 
lengthened  period  with  such  an  extended  series.  The  following 
experiments  with  this  battery  are  described  by  Mr.  Gassiot  (PAti. 
Trans.y  1S44): — 

*0n  connecting  the  copper 
wire  from  the  extreme  cells 
with  the  plates  a  6  of  the 
double  electroscope  (Fig.  141), 
the  condensing  plate  p  being 
removed,  this  instantly  pro- 
duced a  considerable  and  steady 
divergence  of  the  leaves;  and 
on  applying  the  usual  testa, 
the  plate  b,  connected  with  the 
copper  extremity,  gave  signs 
of  potUhe,  and  a,  connected 
with  the  zinc,  signs  of  negatiot 
electricity.  If  a  was  connected 
with  one  extremity  of  the  bat> 
tery,  the  other  extremity  being  connected  or  not  with  the  ground,  the  same 
general  effects  occurred;  the  divergence  of  the  leaves  corresponded  with  the 


Digitized  by 


Google 


THE   WATER   BATTERY.  l8l 

connection,  and  the  leaves  of  b  diverged  by  induction ;  if  in  this  state  b  was 
touched,  and  then  removed  from  the  influence  of  a,  it  was  found  to  be 
,  charged  with  the  opposite  electricity. 

*The  assumption  of  polar  tengion  by  the  elements  constituting  the  battery, 
before  ike  circuit  was  completed,  was  shown,  not  only  by  the  effect  on  the 
leaves  of  the  electroscope  when  placed  within  two  or  three  inches  of  either 
end  of  the  battery,  or  over  either  of  the  terminal  cells,  but  by  the  produc- 
tion of  a  ^arA  between  the  terminal  wires  through  a  space  of  one- fiftieth  of 
an  inch.  When  the  double  electroscope  (Fig.  141)  was  included  in  the  cir- 
cuit, and  the  discs  a  and  b  closely  approximated,  the  sparks  became  a  stream 
of  fire,  which  on  one  occasion  were  continued  uninterruptedly  for  upwards 
of  five  weeks.  An  experimenter  standing  on  the  ground  could  draw  sparks 
from  either  terminal. " 

*  For  testing  the  presence  of  what  is  usually  called  the  current^  two  trays 
containing  160  cells  of  the  battery  were  removed  and  most  carefully  insu- 
lated. A  very  delicate  galvanometer  was  interposed  between  the  zinc  ter- 
minal of  one  tray  and  the  copper  terminal  of  the  other,  but  not  the  slightest 
deflection  of  the  needle  took  place,  neither  was  there  the  slightest  indication 
of  the  liberation  of  iodine  when  a  piece  of  bibulous  paper  saturated  with 
iodide  of  potassium  was  substituted  for  the  galvanometer;  the  inference 
from  which  is,  that  there  was  no  definite  chemical  action  taking  place  in 
any  cell  of  the  battery,  and  that  the  electric  or  static  effects  take  place  before 
or  independently  of  the  actual  development  of  the  chemical  effects. 

*  A  copper  wire  attached  to  the  negative  end  of  the  battery  was  connected 
with  the  galvanometer,  and  this  with  the  plate  a  of  the  double  electroscope 
(Fie:.  141^;  &  platinum  wire  attached  to  the  positive  end  rested  on  a  piece 
of  bibulous  paper  moistened  with  iodide  of  potassium ;  another  wire  also 
resting  on  the  paper  was  connected  with  the  plate  b  of  the  electroscope. 
By  a  mechanical  arrangement  the  plates  could  be  approximated  or  separated 
as  required.  On  approximating  the  plates  so  as  to  permit  sparks  to  pass  at 
intervals  of  about  a  second,  a  tremulous  motion  was  imparted  to  the  needle 
of  the  galvanometer,  but  when  they  were  brought  so  nearly  in  contact  as 
tO' permit  the  discharges  to  take  place  in  quick  succession,  the  needle  was 
steadily  deflected,  and  iodine  was  freely  evolved,  proving  that  chemical 
action  was  taking  place  in  each  cell,  and  that  the  current  is  a  collection  or 
accumulation  of  discharges  of  electricity  of  tension.  When  320  cells  were 
employed,  the  greatest  care  being  taken  to  insure  perfect  insulation,  not  the 
slightest  evidence  of  any  chemical  action  taking  place  in  the  cells  could  be 
obtained  previous  to  completing  the  circuit,  although  there  was  sufficient 
intensity  to  elicit  sparks  through  jL-  of  an  inch.' 

The  following  conclusions  were  deduced  by  Mr.  Gassiot  from 
Lis  experiments  with  this  extraordinary  battery  : — 

1.  That  the  elements  constituting  the  voltaic  battery  assume  polar  tension 
before  the  circuit  is  complete. 

2.  That  this  tension,  when  exalted  by  a  series  of  pairs,  is  such  that 
sparks  will  pass  between  the  terminals  of  the  battery  before  their  actual 
contact. 

3.  That  these  static  effects  precede  and  are  independent  of  the  completion 
of  the  voltaic  circuit,  as  well  as  of  tiny  perceptible  development  of  chemical 
or  dvnamic  action. 
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4.  That  the  current  may  be  regarded  as  a  series  of  discharges  of  electricity 
of  tension  succeeding  each  other  ivith  intiuite  rapidity. 

5.  That  the  rise  of  tension  in  a  battery  occupies  a  measurable  portion  of 
time. 

6.  That  the  stcUic  effects  elicited  from  a  voltaic  scries  are  a  direct  evidence 
of  the  first  step  towards  chemical  combination  or  dynamic  action. 

(103)  Polar  Tension  before  Contact  in  a  Single  Cell. — 
With  the  aid  of  the  electroscope  *»h()wn  in  Fig.  142,  the  Re^ . 
Charles  Pritchard  (Phil.  Trmu^.,  1844)  succeeded  in  obtaininj; 
signs  of  tension  before  contact  in  a  single  cell  of  a  voltaic  batten'. 
A  is  a  glass  vessel,  the  stem  of  which  is  well  coated  with  lac ; 
B  b'  two  copper  wires  passings  through  glass  tubes  and  corks  ;  D  d' 
gilt  discs,  each  about  two  inches  in  diameter,  attached  to  the  wires ; 

p  a  copper  plate  with  a  wire  passing 
through  a  glass  tijibe ;  to  the  end  of 
this  wire  is  attached  a  nanrow  lip  of 
gold  leaf,  L.  The  discs  must  be  ad- 
justed with  care,  so  as  to  allow  the 
leaf  to  be  equidistant  from  each.  If 
B  be  connected  by  a  wire  attached 
to  the  platinum,  and  b'  to  another 
wire  attached  to  the  zinc  of  a  single 
cell  of  the  nitric  acid  battery  insu- 
lated on  a  plate  of  lac,  and  if  an 
excited  glass  rod  be  approximated 
very  gradually  towards  the  plate  p, 
the  gold  leaf  will  be  attracted  to  b', 
or  the  disc  attached  to  the  zinc ;  and 
if  a  stick  of  excited  resin  be  approximated  in  a  similar  manner, 
the  gold  leaf  will- be  attracted  to  b,  or  the  metallic  disc  attached 
to  the  platinum. 

(104)  Polarizations  Secondary  Batteries. — If  a  piece  of 
moistened  paper  be  placed  on  a  slip  of  glass,  and  made  to  complete 
the  circuit  of  a  voltaic  battery,  it  is  found  to  become  eiectra-poUu^ 
that  is,  that  half  which  was  in  contact  with  the  positive  extre- 
mity of  the  battery  becomes  positive,  and  that  portion  next  the 
negative  end- becomes  negative,  and  this  electrical  condition  of 
the  paper  remains  for  some  time  after  its  removal  from  between 
the  poles  of  the  battery,  provided  its  insulation  be  maintained. 
This  fact  was  first  observed  by  Volta,  and  it  occurred  to  Ritter 
that  a  pile  might  be  constructed  of  alternations  of  moistened  cloth 
and  a  single  metal,  which  should  theoretically  receive  a  charge 
similar  to  that  of  the  moistened  paper,  by  being  placed  in  con- 
ducting communication  with  the  opposite  extremities  of  a  voltaic 
pile.    On  trying  the  experiment,  he  found  such  to  be  the  case ; 
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^e  pile  which  he  termed  the  '  secondary '  pile  retaminjj  its  elec- 
trical state;  and  exhibiting  electrical  phenomena  similar  to  that  of 
the  *  primary '  pile  for  some  time  after  its  connection  with  the 
latter  is  broken.  In  like  manner,  a  number  of  plates  of  the  same 
metal,  platinimi,  or  lead,  may  be  polarized  by  passing  a  current 
&om  a  voltaic  battery  througl)  them;  on  breaking  contact  the 
ef^ts  of  a  voltaic  pile  are  for  a  short  period  obtahied  from  the 
secondary  battery.  The  same  sort  of  polarization  is  produced  in  a  • 
single  pair  of  platinum  plates  by  connecting  them  with  the  poles 
of  a  battery  while  immersed  in  common  or  acidulated  water,  the 
effect  being  due  to  the  films  of  hydrogen  and  oxygen  which  collect 
on  the  negative  and  positive  plates  respectively,  as  may  be  proved 
by  plunging  the  plate  which  had  been  connected  with  the  positive 
pole  of  the  battery  into  a  graduated  tube  filled  with  hydrogen, 
and  the  other  into  a  tube  filled  with  oxygen ;  both  gases  are  gradu- 
ally absorbed,  the  hydrogen  disappearing  twice  as  fast  as  the  oxygen. 
Indeed,  a  pair  of  platinum  plates  may  be  polarized  without  the  aid 
of  a  voltaic  battery,  namely,  by  simply  plunging  one  plate  into  a 
jar  of  hydrogen,  and  the  other  in  a  jar  of  oxygen  gas.  If  the  two 
plates  be  now  connected  with  a  galvanometer,  and  quickly  plunged 
into  water,  a  current  is  obtained,  passing  firom  the  plate  which 
had  been  immersed  in  the  hydrogen  through  the  liquid  to  that 
which  had  been  immersed  in  the  oxygen. 

A  secondary  battery  of  great  power  is  described  by  Plants 
(Comptea-RendtiSj  March  26,  i860).  He  states,  that  a  battery  with 
electrodes  of  lead  has  aj  times  the  electromotive  force  of  one  with 
electrodes  of  platinized  platinum,  and  6  times  as  great  as  that  of 
one  with  ordinary  platinum.  This  great  power  arises  from  the 
powerful  ■  affinity  existing  between  peroxide  of  lead  and  hydrogen ^ 
a  fact  first  noticed  by  De  la  Rive. 

The  secondary  battery  recommended  by  Plants  has  the  follow- 
ing construction : — 

It  consists  of  nine  elements,  presenting  a  total  surface  of  10  square  metres. 
Each  element  is  formed  of  two  large  lead  plates  rolled  into  a  spiral,  and 
separated  by  coarse  cloth,  and  immersed  in  water  acidulated  with  -^  o\ 
sulphuric  acid.  The  kind  of  current  used  to  excite  this  battery  depends  on 
the  manber  in  which  the  secondary  couples  are  arranged.  Tf  they  are  ar- 
ranged so  as  to  give  three  elements  of  triple  surface,  five  small  Bunsen's 
cells,  the  zincs  of  which  are  immersed  to  a  depth  of  7  centimetres,  are  suf- 
ficient to  give,  after  a  few  minutes*  action,  a  spark  of  extraordinary  intensity 
when  the  current  is  closed.  The  apparatus  plays  in  fact  just  the  part  of  a 
condenser,  for  by  its  means  the  work  performed  by  the  battery  after  the 
lapse  of  a  certain  time  may  be  collected  in  an  instant. 

An  idea  of  the  intensity  of  the  charge  will  be  obtained  by  remembering 
that,  to  produce  a  similar  effect,  it  would  be  necessary  to  arrange  300  Bunsen's 
elements  of  the  ordinary  size  (,13  centimetres  in  height),  so  as  to  form  four  or 
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five  elements  of  3^  square  metres  of  surface,  or  three  elements  of  still  greater 
surface. 

If  the  secondary  battery  be  arranged  for  inten8it3%  the  principal  battery 
should  be  formed  of  a  number  of  elements  sufficient  to  overcome  the  inverse 
electromotive  force  developed.  For  nine  secondary  elements,  about  15  Bun- 
sen's  cells  should  be  taken,  which  might,  however,  be  very  small. 

From  the  malleability  of  the  metal  employed,  this  battery  is  readily  con- 
structed. By  making  the  plates  of  lead  sufficiently  thin,  a  large  surface  may 
■be  placed  in  a  small  space. 

The  nine  elements  used  by  Plants  are  placed  in  a  box  36  centi- 
metres square,  filled  with  liquid  once  for  all,  and  placed  in  closed 
jars,  so  as  to  be  ready  for  immediate  use  whenever  it  is  desired 
to  procure  by  means  of  a  weak  battery  powerful  discharges  of 
dynamic  electricity.  The  use  of  secondary  electric  currents  for 
telegraphic  purposes  had  been  previously  proposed  by  Jacobi. 

(105)  Tlie  0«s  Battery. — Mr.  Grove  succeeded  in  obtaining  a 
continuous  current  from  the  secondary  currents  produced  by  polar- 
ized plates,  and  in  constructing  a  perfectly  novel  battery,  in  which 
the  active  elements  are  gases  (Phil.  Mag.,  Dec.  1 842  ;  PAi7.  Trans., 
part  ii.  1843,  and  part  ii.  1845).  It  consisted  originally  of  a  series 
of  50  pairs  of  platinized  platinum  plates,  each  about  a  quarter  of 
an  inch  wide,  enclosed  in  tubes  partially  filled  alternately  with 
oxygen  and  hydrogen  gases,  as  shown  in  Fig.  143.    The  liquid  in 

Fig.  143. 


the  tubes  was  dilute  sulphuric  acid  (sp.  gr.  i  '2),  and  the  following 
effects  were  produced  : — 

1.  A  shock  was  given  which  could  be  felt  by  five  persons  joining  hands, 
and  which,  when  taken  by  a  single  person,  was  painful. 

2.  The  needle  of  a  galvanometer  was  whirled  round,  and  stood  at  about 
60^;  with  one  person  interposed  in  the  circuit,  it  stood  at  40^,  and  was 
slightly  deflected  when  two  were  interposed.  , 
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Fig.  144. 


yig'  145. 


3.  A  brilliant  spark,  visible  in  broad  daylight,  was  obtained  between 
cliarcoal  terminals. 

4.  Iodine  of  potassium,  hydriodic  acid,  and  water  acidnlated  with  sul- 
phuric acid  were  severally  decomposed;  the  gas  from  the  decomposed  water 
was  eliminated  in  sufficient  quantity  to  be  collected  and  detonated.  The 
gases  were  evolved  in  the  direction  denoted  in  the  figure,  i.  e^  as  the  chemi- 
cal theory  and  as  experience  would  indicate,  the  hydrogen  travelling  in  one 
direction  throughout  the  circuit,  and  the  oxygen  in  the  reverse.  It  was 
found  that  twenty-six  pairs  were  the  smallest  number  that  would  decompose 
water,  but  that  four  pairs  would  decompose  iodide  of  potassium. 

5.  A  gold-leaf  electroscope  was  notably  affected. 

When  the  tubes  were  filled  with  atmospheric  air,  no  effect  was 
produced,  nor  was  any  current 
determined  when  the  gases  em- 
ployed were  carbonic  acid  and  ni- 
trogen, or  oxygen  and  nitrogen. 
'  In  order  conveniently  to  ex- 
amine the  gases  either  after  or 
during  an  experiment,  without 
changing  the  liquid  in  which  the 
tubes  were  immei*sed,  Mr;  Grove 
adopted  the  form  of  cells  shown 
in  Figs.  144  and  145. 

b  c  d  e  is  a,  parallelopiped  glass 
or  stoneware  vessel.  The  tubes  are 
cemented  with  pieces  of  wood,  a  b,  a  c, 
and  can  with  the  wood  be  separately 
detached  from  the  trough,  as  seen  in 
Fig.  145.  At  the  aperture  or  space  a  a 
between  the  tubes,  there  is  just  suffi- 
cient room  for  a  finger  to  enter,  close  the  orifice  of  either  tube,  and  thus  remove 

Fig.  146. 


it  from  the  apparatus.    The  platinum  foil  is  turned  up  round  the  edge  of 
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the  tube,  and  breaght  into  communication  with  a  binding  screw  fixed  into 
the  wood.  A  batteiy  of  five  cells  thus  arranged,  charged  with  oxygen  and 
hydrogen  gases*  and  connected  with  an  apparatus  for  decomposing  water,  is 
shown  in  Fig.  145.  With  the  battery  of  50  of  these  cells  there  was  but  a 
trifling  difference  in  the  rise  of  the  liquid  in  all  the  cells,  and  the  rise  of  gas 
in  the  decomposing  apparatus  was  exactly  in  the  same  proportion.  The  hy- 
drogen tube  is  analogous  to  the  zinc  plate  of  an  ordinary  voltaic  battery. 

The  following  results  were  obtained  with  other  gases,  ten  cells 
being  employed : — 

Oxygen  and  protoxide  of  nitrogen  .    No  effect  on  iodide  of  potassium. 

,  Oxygen  and  deutoxide  of  ditto  .     Very  slight,  soon  ceasing. 

Oxygen  and  olefiant  gas  .        .  .    Very  feeble,  but  continuous. 

^  .       ,.     .        .J  (Notable  effects.  Slight  symptoms 

Orj-gen.nd  carbonic  oxide     .  .[     „f  decomposing  water: 

OxTgen  and  chlorine       .       .  f  Considerable     action     at     first, 

'  °  I     scarcely  perceptible  m  24  hours. 

Chlorine  and  dilute  sulphuric  acid   .    About  the  same. 

^, ,    .  ,  ,     ,  f  Powerful  effects.    Two  cells  de- 

Chlonne and  hydrogen    .        .        .|     ^^p^i„g^^^„_ 

Chlorine  and  carbonic  oxide    .        .i^<^^     Ten   cells   decomposing 

(     water. 
Chlorine  and  olefiant  gas         .        .    Feeble. 

With  respect  to  the  theory  of  the  gas  battery,  JMr.  Grove  re- 
marks : — 

*  Applying  the  theory  of  Grotthus  to  the  gas  battery,  we  may  suppose  that, 
when  the  circuit  is  completed  at  each  point  of  contact  of  oxygen,  water  and 

platinum  in  the  oxygen  tube,  a  molecule 
p.  of  hydrogen  leaves  its  associated  molecule 

of  oxj'gen  to  unite  with  one  of  the  free 
gas;  the  oxygen  thus  thrown  off  unites 
with  the  hydrogen  of  the  adjoining  mole- 
cule of  water,  and  so  on,  until  the  last 
molecule  of  oxygen  unites  with  a  molecule 
of  the  free  hydrogen :  or  the  action  may 
conversely  be  assumed  to  commence  in 
the  tube  containing  the  hydrogen.' 

The  form  of  gas  battery  employed 
by  Mr.  Grove  in  his  later  experi- 
ments is  shown  in  Fig.  147.  It 
possesses  the  advantage  of  entirely 
preventing  the  interfering  action  of 
the  atmosphere.  In  this  arrange- 
ment oxygen  and  deutoxide  of  ni- 
trogen gave  a  continuous  current; 
and  a  permanent  deflection  of  the 
galvanometer  was  produced  when  a 
piece  of  phosphorus  was  suspended 
in  one  of  the  tuljes  filled  with  nitrogen,  the  other  containing 
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bxyg^en,  the  product  being  phosphorous  acid;  and  a  eurioiis  in- 
stance was  exhibited  of  the  employment  of  a  solid  insoluble  non- 
conductor, and  the  existence  of  a  continuous  voltaic  current,  and 
of  a  true  combustion,  the  combustible  and  the  camburant  being  at 
a  distance  :  phosphorus  burned  by  oxygen,  which  is  separated  from 
it  by  strata  both  of  water  and  gas  of  indefinite  length. 

A  current  was  likewise  produced  by  sulphur  in  nitrogen,  the 
sulphur  being  contained  in  a  little  capsule  of  glass  that  could  be 
heated  by  a  small  hoop  of  iron  with  a  handle^  as  shown  in  the 
figure.  The  moment  the  sulphur  entered  into  fusion,  the  needle 
of  the  galvanometer  moved,  and  it  continued  deflected  during  the 
iwrhole  time  it  remained  in  the  fused  state.  Various  other  sub- 
stances, such  as  camphof'j  oil  of  tuipetdine,  oil  of  cassia,  alcokolf 
ether,  &c.,  were  thus  tried,  and  all  produced  notable  eiFects. 


CHAPTER  n. 

Simple  and  Compound  Circles — Ohm's  Law  and  its  Applications — Wheat- 
stone's  Bridge,  £heostat,  and  Kesistance  Coils — Standards  of  Electrical 
Resistance. 

(106)  Simple  and  Compound  Voltaic  Circles. — The  qucntiti/ 
of  electricity  set  in  motion  by  a  simple  voltaic  circle  when  the 
plates  are  large  is  very  great,  though  its  intensity,  or  its  power  of 
overcoming  resistances,  is  low.  The  energy  depends  on  the  size  of 
the  plates,  the  intensity  of  the  chemical  action  on  the  oxidizable 
metal,  the  rapidity  of  its  oxidation,  and  the  speedy  removal  of  the 
oxide.  In  the  smallest  voltaic  circle  the  quantity  of  electricity 
thrown  into  circulation  is  almost  infinitely  gi^ater  than  that  from 
the  ordinary  electrical  machine  :  indeed,  it  has  been  shown  by 
Faraday  (^a*.  Hesear.,  371  e<  *^?0>  *^**  ^^^  wires,  one  of  platinum 
and  one  of  zinc,  each  one-eighteenth  of  an  inch  in  diameter,  placed 
Jive-siocteenths  of  an  inch  apart,  and  immersed  to  the  depth  oi Jive- 
eighths  of  an  inch  in  acid  consisting  of  one  drop  of  oil  of  vitriol  and 
four  ounces  of  distilled  water,  at  a  temperature  of  about  60*^,  and 
connected  at  the  other  extremities  by  a  copper  wire  eighteen  feet 
long  and  one-eighteenth  of  an  inch  thick,  yield  as  much  elec- 
tricity in  eight  beats  of  a  watch,  or  ^f  ^y  of  a  minute,  as  an  electrical 
battery  consisting  of  fifteen  jars,  each  containing  184  square  inches 
of  glass  coated  on  both  sides,  and  charged  by  thirty  turns  of  a 
fifty-inch  plate  electrical  machine. 

But  it  is  not  necessary  that  the  plates  composing  a  simple  vol- 
taic circle  should  consist  of  tioo  opposed  surfaces  only.    The  same 
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electrical  effect  is  obtained  if  the  plates  are  cut  up  into  a  number 
of  pieces  and  placed  in  different  vessels^  each  containing  the  same 
exciting  fluid,  provided  the  same  extent  of  surface  be  preserved, 
and  the  pieces  be  kept  at  the  same  distance  apart.  Thus  let  a 
plate  of  copper  and  another  of  amalgamated  zinc,  each  four  inches 
square,  be  immersed  at  a  distance  of  one  inch  apart  in  dilute 
sulphuric  acid,  and  connected  by  a  stout  copper  wire ;  after  the 
lapse  of  a  certain  time  a  certain  quantity  of  zinc  will  be  dissolved 
and  a  corresponding  quantity  of  hydrogen  gas  will  be  evolved  on 
the  surface  of  the  platinum  ;  now  let  each  plate  be  cut  into  four 
strips,  each  one  inch  broad  and  four  inches  long,  and  let  a  pair  of 
each  metals  be  immei'sed,  at  a  distance  of  one  inch  apart,  in  four 
separate  vessels  containing  dilute  sulphuric  acid ;  let  all  the  pla- 
tinum plates  be  connected  together  by  a  stout  copper  wire,  and 
all  the  zinc  plates  by  another  similar  wire,  and  let  the  two  wires  be 
imited ;  the  same  amount  of  zinc  will  be  dissolved  in  the  same  time, 
the  same  amount  of  hydrogen  liberated,  and  the  same  quantity  of 
electricity  thrown  into  circulation,  as  with  a  single  pair ;  the  four 
pairs  and  the  single  pair  are  equally  simple  voltaic  circles. 

But  the  four  pairs  may  be  differently  arranged.  Instead  of  connect- 
ing all  the  platinum  plates  together,  and  all  the  zinc  plates  together, 
the  platinum  plate  in  vessel  No.  i  may  be  connected  with  the 
zinc  plate  in  vessel  No.  2,  the  platinum  plate  in  vessel  No.  z  with 
the  zinc  plate  in  vessel  No.  3,  and  so  on,  the  platinum  plate  in  the 
last  vessel  being  united  by  a  stout  wire  with  the  zinc  plate  in  the 
first.  Under  this  arrangement  the  amount  of  zinc  dissolved  and 
of  hydrogen  liberated  will  be  precisely  the  same  as  before,  but  the 
eUctromotive  force  is  incj-easedfourfold ;  at  the  same  time  the  resist- 
ances are  still  more  increased,  for  whereas  in  the  first  arrangement 
a  stratum  of  liquid  four  inches  wide  and  one  inch  thick  had  to  be 
traversed,  in  the.  second  arrangement  the  current  has  to  pass 
through  four  separate  inches  of  liquid,  each  one  inch  in  width. 
But  in  consequence  of  the  mode  of  connecting  the  plates,  there  is 
a  starting-poinj;  of  power  in  each  cell,  and  each  contributes  its 
energy  in  urging  forward  the  current;  although j^  therefore,  the 
quantity  of  electricity  is  no  greater  than  when  the  plates  are  arranged 
as  a  single  pair,  its  intensity  or  power  of  overcoming  resistance  is 
far  greater,  and  this  power  is  within  certain  limits  increased  in 
proportion  as  the  number  of  pairs  of  plates  is  increased.  As  thus 
Arranged,  the  plates  constitute  a  compound  voltaic  circle. 

(107)  Meaningr  of  the  terms  Bleotromotlve  ForeOf  Blec- 
trlcal  Resistaneef  Slectrical  Current,  Qnantlty,  and  Tension. 
— ^By  the  term  electromotive  force  is  to  be  imderstood  that  quality 
of  a  battery  or  source  of  electricity  in  virtue  of  which  it  tends  to 
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do  work  by  the  transfer  of  electricity  froDi  one  point  to  another, 
and  this  force  is  measured  by  measuring  the  work  done  during  the 
transfer  of  a  given  quantity  of  electricity  between  those  points. 
The  work  done,  whether  it  be  mechanical,  or  chemical,  or  thermal, 
was  proved  experimentally  by  Dr.  Joule  to  be  proportional  to  the 
iquare  of  the  current,  to  the  time  during  which  it  acts,  and  to  the 
resistance  of  the  circuit. 

By  the  term  electrical  resistance  is  to  be  understood  that  quality  of 
a  conductor  in  virtue  of  which  it  prevents  the  performance  of  more 
than  a  certain  amount  of  work  in  a  given  time  by  a  given  electro- 
motive force.  The  resistance  of  a  conductor  is  therefore  inversely 
proportional  to  the  work  done  in  it  when  a  given  electromotive 
force  is  maintained  between  the  two  ends. 

By  the  term  electrical  current  is  meant  the  cause  of  the  peculiar 
properties  possessed  by  a  conductor  used  to  join  the  opposite  poles 
of  a  voltaic  battery,  those,  namely,  of  exerting  a  force  on  a 
magnet  in  its  neighbourhood ;  of  decomposing  certain  compoimd 
bodies  called  electrolytes  when  any  part  of  the  conductor  is  formed 
of  such  compound  bodies ;  or  of  producing  currents  in  neighbour- 
ing conductors  as  they  approach  or  recede  from  them. 

The  force  with  which  one  electrified  body  acts  upon  another  at 
a  constant  distance  varies  under  different  circumstances.  When 
the  force  between  the  two  bodies  at  this  constant  distance  and 
separated  by  air,  is  observed  to  increase,  it  is  said  to  be  due  to  an 
increase  in  the  qiumtity  of  electricity,  and  the  quantity  at  any  spot 
is  defined  as  proportional  to  the  force  with  which  it  acts  through 
air  on  some  other  constant  quantity  at  a  distance.  If  two  bodies 
charged  with  a  given  quantity  of  electricity  are  incorporated,  the 
single  body  thus  composed  will  be  charged  with  the  sum  of  the 
two  quantities. 

The  above  definitions  of  ?the  terms  electromotive  force^  resistance, 
current,  and  quantity,  ai'e  those  adopted  by  Professor  T.  Clerk  Max- 
well and  Mr.  Fleeming  Jenkin  in  their  report  *  On  Standard  Elec- 
trical Eesistance,'  as  members  of  a  committee  appointed  by  the 
British  Associiktion  (see  JReportf  1863).  Mr.  Latimer  Clark  (Pro- 
eeedings  of  the  Royal  Institution,  March  15,  1861)  points  out  that 
the  expression  intensity,  as  ordinarily,  used,  involves  two  perfectly 
distinct  qualities,  viz.,  tension,  or  electromotive  force,  or  electric 
potential,  and  quantity.  All  the  most  striking  properties  of  elec- 
tricity, such  as  the  decomposition  of  water  and  salts,  the  combus- 
tion of  metals,  the  deflection  of  the  galvanometer,  the  attraction 
of  the  electro-magnet,  and  the  physiological  effects  of  the  cur- 
rent, are  really  dependent  as  regards  their  magnitude  and  energy 
solely  on  the  quantity  of  electricity  passing.    Their  greater  energy^ 
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when  the  tension  in  incmased,  is  an  indirect  effect  due  not- to  that 
tension  but  to  the  increased  quantity  which  passes  in  a  given  time 
by  reason  of  the  increased  tension.  A  galvanometer  consisting  of 
a  few  turns  only  of  thick  wire  -is  deflected  as  powerfully  by  one 
cell  of  a  voltaic  battery  as  by  6  or  even  by  600 ;  provided  the  cells  are 
all  of  the  same  size,  because  tl^e  thick  wire  is  capable  of  conveying 
freely  the  whole  quantity  of  electricity  which  one  cell  can  pro- 
duce, mid  this  is  the  same  as  that  produced  by  the  whole  600 ; 
on  the  other  hand,  a  galvanometer  with  many  thousand  turns  of 
fine  wire  gives  the  same  deflection  with  a  battery  formed  of  a 
fimall  gun-cap  as  with  one  of  twenty  square  feet  of  surface,  because 
the  quantity  in  this  case  is  regulated  and  limited  not  by  the  size 
of  the  plates  but  by  the  power  of  the  conduction  in  the  wire,  the 
quantity  being  therefore  the  same  in  both  cases.  In  every  case 
the  deflection  is  dependent  solely  on  the  quantity  of  electricity 
actually  passing  through  the  instrument  without  reference  to  its 
tension. 

The  ignition  of  metals  is  a  phenomenon  dependent  on  quantity 
and  not  on  tension :  thus  one  cell  of  a  battery  will  ignite  a  certain 
length  of  platinum  wire,  but  by  the  addition  of  two  or  three  more 
cells  two  or  three  times  the  length  of  wire  will  be  ignited,  the 
quantity  passing  in  the  greater  length  being  under  the  higher  ten- 
.sion,  precisely  the  same  as  in  the  original  length.  In  this  sense  is 
to  be  understood  Faraday's  remark,  Uhat  the  same  quantity  of 
electricity  which  would  ignite  an  inch  of  wire  would  ignite  a  foot 
or  a  mile  of  the  same  wire.* 

A  battery  of  two  or  three  cells  which  will  readily  fuse  platinum 
wire,  produces  no  shock,  because,  although  the  quantity  of  electricity 
is  abundant,  the  tension  is  low ;  on  the  other  hand,  a  battery  of  a 
great  number  of  pairs  of  small  plates  may  give  an  intolerable  shock 
to  the  system,  though  from  its  deficiency  in  quantity  it  may  have 
scarcely  any  power  to  fuse  platinum  wire. 

The  fall  of  tension  is  always  accompanied  by  its  conversion  into 
heat ;  the  ignition  of  wire  by  the  voltaic  current,  the  intense  heat 
of  the  voltaic  arc,  and  the  heat  and  light  of  the  electric  discharge 
and  of  the  spark  are  all  cases  of  the  evolution  of  heat  in  conse- 
quence of  a  fall  of  tension,  and  the  quantity  of  heat  evolved  is 
apparently  directly  proportionate  to  the  fall  of  tension  within  a 
given  space,  and  to  the  quantity  of  electricity  passing. 

(108)  Olim's  &aw. — Under  no  circumstances  do  we  obtain  in 
the  form  of  a  current  the  whole  of  the  electricity  produced  by  the 
chemical  actions  going  on  in  the  battery.  The  amount  of  electri- 
city realized,  or,  in  other  words,  the  force  of  the  current,  is  equal 
to  the  sum  of  the  electromotive  forces  divided  by  the  sum  of  the 
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resistances  in  the  circuit.  Thus  let  F  denote  the  actual  force  of 
the  current,  that  is,  its  power  to  produce  heat,  magnetism,  chemi^ 
cal  action,  or  any  of  its  other  effects ;  E  the  electromotive  force, 
and  K  the  resistance  of  the  wires  and  liquids,  then 

The  different  causes  which  influence  the  quantity  of  electricity 
obtained  in  a  voltaic  circuit,  were  investigated  mathematically  by 
Professor  Ohm,  of  Nuremberg^  and  his  formulee,  which  have  been 
verified  experimentally  by  Daniell,  Wheatstone,  and  others,  may 
be  regarded  as  the  basis  on  which  all  the  investigations  that  have 
Bince  been  made  relative  to  the  force  of  the  current  have  been 
founded. 

By  increasing  the  number  of  elements  of  a  voltaic  battery,  we 
increase  the  tension,  urging  the  electricity  forward,  as  has  already 
been  observed,  but  at  the  same  time  we  increase  the  amount  of 
resistance  offered  by  the  liquid  portion  of  the  circuit;  so  that,  pro- 
vided in  both  cases  the  circuit  be  completed  by  a  competent  con- 
ductor, such  as  a  stout  copper  wire,  we  obtain  the  same  results 
in  both  cases,  the  electromotive  forces  and  the  resistances  being 
increased  by  an  equal  amount,  for 

E  _  n  E 
K  n  K' 
The  resistance  R  includes  the  resistance  of  the  wires,  the  liquid 
exterior  to  the  batteiy,  should  such  be  included  in  the  circuit,  and 
the  resistance  of  the  liquid  and  metals  of  the  battery  itself.  As 
regards  the  resistance  of  the  battery,  it  is  found  to  decrease  in 
exact  proportion  as  the  surface  is  increased,  and  as  regards  the 
wire,  its  resistance  is  directly  as  its  length  and  inversely  propor- 
tional to  its  section. 

Ijet  the  whole  resistance  be  denoted  by  R,  as'  before,  the  re- 
sistance of  the  battery  by  B,  and  that  of  the  wire  by  Wj  then, 
supposing  no  other  obstacles  to  be  included  in  the  circuit, 
*  R  =  B  +  W. 

But  B  varies  directly  as  the  distance  between  the  plates,  which 
maybe  expressed  by  d,  and  inversely  as  the  surface  of  plates,  which 
may  be  expressed  by  «,  so  that 

8 

Again,  W  varies  directly  as  the  length  of  the  wire  and  inversely 
as  the  area  of  its  section;  it  may,  therefore,   be  expressed  by 

,1  being  the  length  of  the  wire,  and  s  its  section.     If,  therefore, 
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we  substitute  these  values  for  W  and  B  in  the  formula  for  F,  we  get 

E 
F  =  ^  +  ^. 

Hence  it  appears  that  the  force  of  the  current  may  be  increased 
in  four  ways: — 1.  by  increasing  the  thickness  of  the  wire  j  a.  by 
diminishing  its  length ;  3.  by  increasing  the  surface  of  the  plates 
of  the  Toltaic  elements^  or  diminishing  the  distance  between  them  ; 
and  4^  by  employing  more  energetic  elements. 

The  above  formula  enables  us  to  calculate  the  effect  of  changing* 
the  length  or  thickness  of  the  conducting  wire,  or  of  varying  the 
size  and  distance  apart  of  the  plates  of  a  voltaic  pair,  provided 
there  is  no  alteration  in  kind  of  conducting  wire,  or  in  the  battery. 
But  both  may  vary ;  and  in  this  case  other  symbols  must  be  in- 
troduced which  may  be  replaced  by  the  real  quantities  which  they 
denote  as  determined  by  experiment.  Let  the  resistance  of  the 
particular  liquid  used  be  denoted  by.  A,  and  the  specific  resistance 
of  the  kind  of  metal  forming  the  circuit  by  m,  then 

E 
F  —_Arf  ^  mj 
9  s 

The  resisttmces  of  different  metals  are  inversely  as  their  con- 
ducting powers^  the  latest  determination  of  which  is  by  Matthiessen, 
whose  results  are  expressed  in  the  following  table  (Phil,  Trans., 
1858  and  1862,  and  Proceed,  Ray,  Soc.,  voL  xii.  p.  472)  : — 


METAL— PURE 


CondnctiTity 


saverat32°=ioo 


Condnctivity  at  x\x° 


Silver  at 

ZI2*'  =  IOO 


Each  metal  com- 
pared with  itaelf 
at  32° =100 


Silver  (hard  drawn) 
Copper  (hard  drawn) 
Gt»ld  (hard  drawn) . 

Zinc 

CadYniam   .... 

Cobalt 

Iron  (hard  drawn)  . 

Nickel 

Tin 

Thallium    .... 

Lead 

Arsenicum.  .  .  . 
Antimony  .... 
Bismuth     .... 


At  31° 
100  cx> 

9995 

77-96 

29*02 

2372 

1722 

i6-8i 

13*11 

12-36 

o-i6 

832 

476 

4-62 

1*245 


At  211° 
71-56 
7027 

5590 
2067 

1677 


867 

5*86 

333 
3*26 
o87g 


loo-od 
9820 
78-11 
28*89 
2344 


12*12 

8-i8 

465 

455 
1-227 


71*56 
70*31 
71*70 
71*23 
7070 


70*11 
6858 

m 

7054 
7051 


loss  per  ct. 
2844 
2969 
28-30 
2877 
29-30 


29*89 
314a 
29-61 
30*12. 
29  a6 
2969 
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It  is  thus  seen  that  a  sitnilar  tliickness  of  iron  wire  would 
ezifeeble  a  current  of  electricity  much  more  than  one  of  copper, 
and  that,  to  get  with  the  same  length  of  wire  as  strong  a  current 
from  a  given  battery  by  means  of  an  iron  wire  and  a  copper  wire, 
it  would  be  necessary  to  use  an  iron  wire  of  greater  section  than 
that  of  copper,  in  the  ratio  of  99*95  to  16*81,  or  nearly  six  times 
as  great,  which,  if  the  wires  were  round,  would  give  a  diameter 
nearly  2^  times  as  great. 

(109)  Applleatton  of  Ohm's  TlieorT-  to  Compoiind  Voltaic 
CTlrcles. — ^As  each  pair  of  elements  contributes  its  own  electro- 
motive force  to  the  current,  it  is  evident  that  the  whole  electro- 
motive force  will  be  proportional  to  the  number  of  pairs,  provided 
they  are  all  equal.  Denoting  the  number  of  pairs  by  n,  then  the 
ijvbole  electromotive  force  will  be  »  E,  E  representing  that  of  a 
edngle  pair.  But  though  the  electromotive  power  is  n  times  as 
strong,  the  resistance  is  at  the  same  time  increased  n  times,  the 
current  having  now  to  traverse  the  whole  liquid  of  the  several 
pairs  of  elements,  consequently  the  current  will  not  be  n  times  as 
forcible,  and  the  formula  for  the  force  of  the  current  will  be 

nE 
F  = 


Ad  ^  tn  I' 


This  formula  will  serve  in  all  cases  to  determine  the  force  of  a 
battery  of  any  number  of  pairs  where  the  force  of  a  single  pair 
and  the  length  of  the  conducting  wire  are  given,  and  leads  to  the 
following  general  law  (  Wheatstone,  PMl  Trans,,  1 843)  :-^ 

1.  The  electromotive  force  of  a  voltaic  current  varies  with  the  number 
of  the  elements  and  with  the  nature  of  the  metals  and  liquids  which  constitute 
each  element,  but  is  in  no  degree  dependent  on  the  dimensions  of  any  of 
their  parts. 

2.  The  resistance  of  each  element  is  directly  proportional  to  the  distances 
of  the  plates  from  each  other  in  the  liquid,  and  to  the  specific  resistance  of 
the  liquid,  and  is  also  inversely  proportional  to  the  surface  of  the  plates  in 
contact  with  the  liquid. 

3.  The  resistance  of  the  connecting  wire  of  the  circuit  is  directly  propor- 
tional to  its  length,  and  to  its  specific  resistance,  and  inversely  proportional 
to  its  section. 

When  the  conducting  wire  is  composed  of  dijfferent  thicknesses, 
or  of  diflferent  metals  joined  together,  it  is  found  that  the  force  of 
the  current  is  everywhere  the  same.  It  is  found  convenient  to 
refer  all  resistances  of  wires  or  liquids  or  other  matters  through 
which  the  current  has  to  pass  to  certain  definite  equivalents  or 
specific  standards.  This  is  generally  taken  at  so  many  units  of 
length  of  a  standard  copper  wire  of  specified  thickness.  The  length 
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of  this  wire,  or  the  number  of  imits  of  length  of  it  which  afford  the 
same  resistance  as  anj  conductor,  is  called  the  reduced  length  of  that 
conductor. 

If  we  represent  the  length,  conducting  power,  and  section  of  the 
substance  forming  the  circuit  by  /,  c,  and  «,  and  the  reduced  Isngth, 
or  equivalent  length,  of  the  standard  wire  by  f ,  and  its  conducting 
power  and  section  by  c'  and  «',  then,  as  the  force  in  each  case  is 
represented  by 

and  it  is  required  that  the  force  of  the  current  given  by  the  one 
is  to  be  equal  to  that  given  by  the  other,  we  must  have 

/«/';or-  =  -^,or/«_-. 

(no)  ^Vlieatstone's  Parallelogram  or  Sridce. — For  mea- 
suring the  electrical  resistance  of  a  metal  as  compared  with  a  given 
standard,  the  instrument  shown  in  Fig.  148  was  invented  by 
Wheatstone. 

I.  ConatrueiioH  of  the  Bridge.— v  A  p  c  is  a  mabogan}'  board  supported  on 
levelling  screws,  and  provided  with  a  binding  screw  in  the  centre  of  each 
side ;  these  screws  are  connected  by  a  thick  copper  wire,  w  w  w  w,  let  into  a 
groove  in  the  surface  of  the  board,  and  forming  a  parallelogram,  n  A  p  c.  At 
points  exactly  equidistant  from  the  angle  n,  the  wires  n  c,  n  A  are  severed, 
and  the  ends  are  connected  with  binding  screws,  s  «,  s'  $'.  Similarly,  the 
wires  p  a,  p  c  are  severed,  and  the  ends  connected  with 'the  binding  screws 
r  r,  r'  r'.  In  the  centre  of  the  board  is  a  galvanometer,  having  a  compound 
needle  suspended  by  a  fibre  of  raw  silk  in  the  centre  of  a  coil  of  moderatelv 
thick  wire.  This  coil  is  attached  to  a  disc,  a,  moveable  on  a  vertical  axis, 
and  a  graduated  card  is  fixed  on  the  top  of  the  coils,  on  which  the  deflec- 
tion of  the  needle  may  be  observed ;  a  piece  of  talc  is  cemented  to  the  card 
at  ^  to  check  the  violent  oscillations  of  the  needle. 

The  ends  of  the  coil  are  connected  with  the  terminals  c  and  A  bv  wires 
sufficiently  long  to  allow  of  the  graduated  disc  and  coils  being  moved  round 
by  the  handle  A,  so  as  to  bring  the  zero  point  to  correspond  with  the  needle 
when  it  is  .in  the  plane  of  the  magnetic  meridian.  A  single  cell  of  the  Smee 
or  J)aniell  battery  is  generally  sufficient  to  work  the  instrument ;  it  is  shown 
at  z,  one  pole  being  in  connection  with  n,  the  other,  through  the  intervention 
of  a  contact  maker,  with  p. 

a.  Action  of  the  instrvment—Suppose  the  wire  w  to  be  unbroken  at  r  r\ 
s  i ;  when  contact  is  made  at  h,  a  current  parses  from  z  to  N,  where  it  bifur- 
cates, and  as  the  two  wires  n  A  p,  n  c  p  oflPer  equal  resistances,  one-half 
of  the  current  passes  through  each  channel,  the  currents  reunite  at  f,  and 
pass  to  z,  completing  the  circuit. 

Neglecting  the  resistance  of  the  external  connections  between  z  and  ic, 
and  z  and  p,  which  do  not  influence  the  result :  if  the  electrical  tension  at 
N  be  represented  by  10,  at  p  it  will  be  o,  and  at  A  and  c  it  will  be  5,  hence 
there  will  be  no  current  between  c  and  a,  and  the  galvanometer  will  be 
unaffected.    If  now  a  resistance  of  one  mile  be  introduced  at  a,  and  an  equi- 
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valent  resistance  at  »',  the  current  will  bifurcate  equally  as  before,  but  the 
tension  at  n,  «',  and  s  will  be  much  increased,  and  that  at  o  and  a  will 

Fig.  148. 


diminish  proportionately ;  but  being  still  equal  on  both  sides,  no  current  will 
pass  from  c  to  a,  and  the  needle  of  the  galvanometer  will  remain  at  rest. 
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If,  however,  the  resistance  introduced  at  s  9  be  either  less  or  greater 
than  the  resistance  interposed  between  s'  »\  the  current  will  no  longer  divide 
tself  equally  at  n  ;  the  distribution  of  the  tensions  in  n  A  p  and  k  c  p  will 
ino  longer  be  similar,  the  tension  at  c  will  be  different  from  the  tension  at 
A,  and  an  electric  current  will  be  established  between  c  and  A,  causing  a 
deflection  of  the  needle  of  the  galvanometer,  and  the  direction  of  the  deflec- 
tion will  denote  on  which  side  the  resistance  is  greatest 

3.  General  Law  of  the  Ingtrvment. — The  conductors  N  A  p  and  N  c  p  being 
united  at  n  and  p,  the  relations  between  the  electric  tensions  at  n  and  p 
must  always  be  the  same  for  both  conductors,  however  the  resistances  of 
the  conductors  and  the  tensions  may  be  varied.  Hence  the  electric  tensions 
at  A  and  c  will  be  equal  as  long  as  the  following  proportional  resistances  are 
maintained,  na:ap::nc:cp,  and  as  long  as  the  electric  tensions  at  c  and 
A  are  identical,  no  current  will  pass  between  them  through  the  galvanometer. 

If  now  there  is  introduced  into  the  circuit  on  one  side  of  the  parallelo- 
gram a  conductor  having  an  unknoum  resistance,  we  can  determine  its  resist- 
ance by  introducing  known  resistances  into  the  circuit  on  the  one  side  until, 
the  galvanometer  being  no  longer  affected,  we  know  that  the  current  is 
equally  divided,  and  that  the  resistances  on  both  sides  are  equal. 

The  mode  of  varying  the  resistance  is  by  means  of  rheostats  and  resUiafice 
coils,  the  former  being  used  for  comparatively  small  and  the  latter  for  con- 
siderable resistances;  both  instruments  are  the  inventions  of  Professor 
Wheatstone.  The  parallelogram  is  extensively  used  in  testing  the  conduc- 
tivity of  the  copper  wire  to  be  used  for  submarine  cables. 

(ill)  ^Vlieatstone's  Xbeostat  and  Reststanee  Coils. — In 

their  verifications  of  Ohm^s  law,  the  German  and  French  electricians 
first  observed  the  oscillations  of  the  needle  of  the  galvanometer 
when  no  extraneous  resistance  was  introduced  into  the  circuit; 
they  then  added  a  known  resistance,  and  again  measured  the 
oscillations.  Wheatstone  adopted  a  different  method :  instead  of 
congtant  he  employed  variable  resistances,  bringing  thereby  the 
currents  compared  to  equality,  and  inferring  from  the  amount  of 
resistance  measured  out  between  two  deviations  of  the  galvano- 
meter needle,  the  electromotive  forces  and  resistances  of  the  circuit, 
according  to  the  particular  conditions  of  the  experiments. 
For  this  purpose,  he  invented  an  instrument,  which  he  calls  a 

rheostat. 

Fig.  149. 


It  consists  essentially  of  two  cylinders  (Figs.  149  and  150),  one  of  wood, 
on  which  a  spiral  groove  is  cut,  and  round  which  is  coiled  a  long  wire  of 
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very  small  diameter ;  the  other  is  made  of  brass.  By  means  of  a  handle 
any  part  of  the  wire  can  be  unwound  from  the  wooden  cylinder  and  wound 
on  the  brass.  The  coils  on  the  wood  cylinder  being  insulated  and  kept 
separate  from  each  other  by  the  groove,  the  current  passes  through  the 
entire  length  of  the  wire  coiled  upon  that  cylinder ;  but  the  coils  on  the 
brass  cylinder  not  being  insulated,  the  current  passes  immediately  from  the 
point  of  the  wire  which  is  in  contact  with  the  cylinder  to  a  spring  in  metallic 

Fig.  150. 


communication  with  the  wires  of  the  circuit.  The  effective  part  of  the  length 
of  the  wire  is  therefore  the  variable  portion  which  is  on  the  wooden  cylinder. 
The  cylinders  are  six  inches  in  length  and  i|  inch  in  diameter ;  the  threads 
of  the  screw  are  40  to  the  inch,  and  the  wire  is  of  brass  -^  of  an  inch  in 
diameter.  A  scale  is  placed  to  measure  the  number  of  coila  unwound ;  and 
the  fractions  of  a  coil  are  determined  by  an  index  which  is  fixed  to  the  axis 
of  one  of  the  cylindert*,  and  points  to  the  divisions  of  a  graduated  scale. 

For  measuring  very  great  resistances,  such  as  long  telegraph 
wires  or  imperfectly  conducting  liquids,  a  series  of  coils  of  fine 
silk-covered  copper  wire,  about  ^^^  of  an  inch  in  diameter,  is 
employed.  Two  of  these  coils  are  50  feet  in  length ;  the  others 
are  respectively  100,  200,  400,  and  800  feet.  The  two  ends  of 
each  coil  are  attached  to  short  thick  wires,  fixed  to  the  upper 
faces  of  the  cylinders,  which  serve  to  combine  all  the  coils  in  one 
continuous  length.  On  the  upper  face  of  each  cylinder  is  a  double 
brass,  spring,  moveable  round  a  centre,  so  that  its  ends  may  rest  at 
pleasure,  either  on  the  ends  of  the  thick  wires  united  to  the 
circuit,  or  may  be  removed  from  them  and  rest  upon  the  wood. 
In  the  latter  position,  the  current  from  the  circuit  must  pass 
through  the  coil ;  but  in  the  former  position,  it  passes  through  the 
spring,  and  removes  the  entire  resistance  of  the  coil  from  the 
circuit  When  all  the  springs  rest  on  the  wires,  the  resistance  of 
the  whole  series  of  coils  is  removed ;  but  by  turning  the  springs 
so  as  to  introduce  different  coils  into  the  circuit,  any  multiple  of 
50  feet  up  to  1600  may  be  brought  into  it. 

For  measuring  small  resistances,  Wheatstone  employs  a  cylinder 
10^  inches  in  length,  and  3^  inches  in  diameter,  round  which  is 
wound  108  coils  of  copper  wire  -^  of  an  inch  thick,  any  part  of 
which  can,  by  turning  the  cylinder,  be  brought  into  the  circuit. 
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In  order  to  determine  the  sum  of  the  electromotiTe  forces  in  a 
voltaic  circuit,  Wheatstone  proceeds  as  follows  (PhU.  Trans.,  1843, 
p.  313):— 

*Iii  two  circoits  prodacing  equal  electromotive  effects,  the  sam  of  the 
electromotive  forces,  divided  by  tbd  sum  of  the  resistances,  is  a  constant 

quantity,  i.e.  ^b?  - ;  if  £  and  R  be  proportionately  increased  or  diminished, 

R  /iR 
F  will  obviously  remain  unchanged.  Knowing,  therefore,  the  proportion  of 
resistances  in  two  circuits  pro<lucing  the  same  effect,  we  are  enabled  imme- 
diately to  infer  that  of  the  electromotive  forces.  But  as  it  is  difficult  in 
many  cases  to  determine  the  total  resistance,  consisting  of  the  partial  re- 
sistances of  the  rheomotor  (or  voltaic  combination)  itself,  the  galvanometer, 
the  rheotteU,  &c,  I  have  recourse  to  the  following  simple  process.  Increasing 
the  resistance  of  the  first  circuit  by  a  known  quantity,  r,  the  expression  becomes 

— — .     In  order  that  the  effect  in  the  second  circuit  shall  be  rendered  equal 
K  +  r 

to  this,  it  is  evident  that  the  added  resistance  must  be  multiplied  by  the 
same  factor  as  that  by  which  the  electromotive  forces  and  the  original 

resistances  are  multiplied,  for  — =-  =  — — - —    The  relations  of  the  length  of 

the  added  resistances  r  and  nr^  which  are  known,  immediately  give  therefore 
those  of  the  electromotive  forces.' 

Example, — Let  it  be  required  to  determine  the  relative  electro- 
motive forces  in  a  single  pair^  and  two  similar  pairs  of  Darnell's 
sulphate  of  copper  battery.  Introduce  first  the  rheostat  and  the 
galvanometer  (Fig.  150)  into  the  circuit  of  the  single  cell,  and 
adjust  the  wire  of  the  coil  either  by  coiling  or  imcoiling,  as  the 
case  may  be,  until  the  galvanometer  needle  stands  at  45°  j  then 
uncoil  the  wire  until  the  needle  is  reduced  to  40° ;  and  the  number 
of  turns  required  to  do  this  represents  the  electromotive  force  of 
the  celL  Suppose  this  number  to  be  35.  Next  operate  precisely 
in  the  same  manner  with  the  two  cells,  interpoang,  if  necessary, 
one  or  more  of  the  resistance  coil.  The  number  of  turns  of  the 
rheostat  cylinder  required  to  bring  the  needle  of  the  galvanometer 
to  40®  will  now  be  found  to  be  70 — just  double  the  number  required 
with  the  single  cell.  The  electromotive  forces  in  the  two  batteries 
are  therefore  as  i  :  2.  K  in  the  second  experiment  the  two  cells 
of  the  battery  are  arranged  as  a  single  pair,  that  is,  the  copper  of 
one  connected  with  the  copper  of  the  other,  and  the  zinc  plate  of 
one  with  the  zinc  of  the  other,  it  will  be  found  that,  though  it 
requires  a  greater  interposed  resistance  to  bring  the  needle  of  the 
galvanometer  to  45°,  the  same  number  of  subsequent  turns  will  be 
required  as  before  to  reduce  it  to  35°,  thus  showing  that  by  in- 
creasing the  size  of  the  plates  the  electromotive  force  of  the  battery 
is  not.  increased. 


Digitized  by 


Google 


STANDARDS   OF   RESISTANCE.  I99 

To  obviate  the  inconvenieDce  of  winding  and  unwinding  the 
wire,  whereby  it  is  apt  to  become  loose  on  the  Cylinder,  and  one 
turn  to  ride  on  another,  the  rheostat  has  been  differently  arranged 

by  Mr.  Becker.    In  his  form  of  the 
Pig.  151.  instrument,  the  wire  is  wound  per- 

manently on  an  insulating  cylinder, 
and  any  number  of  turns  are  intro- 
duced into  the  circuit  by  means 
of  a  grooved  wheel,  w  (Fig.  151), 
moving  on  a'  graduated  bar,  a  a. 
When  the  cylinder  is  made  to  ro- 
tate, the  wheel  is  screwed  along  the  bar,  or  the  bar  may  be  pressed 
back  by  hand,  and  the  wheel  slipped  along  it  to  any  point  desired. 

(112)  standards  of  Restotanoe. — The  standard  of  resistance 
adopted  by  Wheatstone  was  that  produced  by  a  copper  wire,  one 
foot  of  which  weighs  100  grains.  Varley's  '  unit,'  the  standard 
adopted  by  the  Electric  Telegraph  Company,  is  one  mile  of  the 
wire  used  for  underground  work  and  for  tunnels  (No.  1 6  copper 
wire).  German-silver  wire  is  now  generally  used  for  resistance 
coils,  because  its  conductivity  is  but  little  affected  by  change  of 
temperature  when  compared  with  pure  copper.  Siemens  and 
Halske  exhibited  at  the  International  Exhibition  of  1 862  a  resistance 
coil  based  on  an  unit  expressing  the  resistance  of  a  metre  of 
mercury  of  one  millimetre  section,  at  the  temperature  of  melting 
ice.  Other  coils  have  been  constructed  to  represent  the  resistance 
of  a  thousand  metres  of  iron  vdre  four  millimetres  in  diameter, 
such  as  is  used  in  telegraphic  lines  abroad.  Dr.  Matthiessen  has 
adjusted  a  coil  expressing  the  resistance  of  a  standard  mile  of 
chemically  pure  copper  wire  one -sixteenth  of  an  inch  in  diameter, 
at  the  temperature  of  15^.5  centigrade.  This  resistance  is  very 
different  from  that  of  a  mile  of  any  commercial  copper,  and  the 
various  commercial  coppers  differ  too  vddely  from  each  other  to 
allow  any  approximate  ratio  to  be  named  between  them  and  pure 
copper.  The  specific  resistance,  however,  of  copper  selected  for 
telegraphic  cables  is  generally  about  20  per  cent,  higher  than  that 
of  pure  copper. 

(113)  Weber  and  Tbomson's  Absolute  Ueotro-marnetie 
aceasore. — The  value  to  electrical  science  of  an  universal  standard 
or  imit  of  resistance  would  be  very  great,  and,  if  generally  adopted, 
the  results  of  independent  observers  all  over  the  world  would 
become  comparable,  and  vague  expressions  of  opinion  would  be 
replaced  by  definite  measurements.  Weber  and  Thomson  have 
proposed  a  system  for  the  expression  of  those  quantities  in  absolute 
units  chosen  with  reference  to  their  relations  with  each  other,  and 
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with  the  unitfl  of  force  and  work,  which  must  henceforth  be  looked 
upon  as  the  connecting  link  between  all  ph  jsical  measurements.  The 
leading  idea  of  this  system  is  expressed  as  follows  bj  Mr.  fleeminp 
Jenkin  (Jurors''  Hepart  on  Electrical  InstrumenUy  International 
Exhibition,  1862): — 

*  A  battery  or  other  rheomotor  of  unit  electroWiotire  force  will  generate  a 
current  of  unit  strength  in  a  circuit  of  anit  resistance,  and  in  the  unit  of 
time  will  convey  a  unit  quantit}'  of  electricity  through  this  circuit,  doing  in 
the  same  time  a  unit  of  work  or  its  equivalent  These  relations  leave  the 
absolute  magnitude  of  the  series  of  standards  undetermined.  Weber  has 
proposed  to  fix  the  series  in  various  ways ;  but  the  most  convenient  (where 
measurements  have  to  be  made  by  observations  conducted  with  the  aid  of 
magnets)  is  probably  that  in  which  the  series  is  fixed  by  the  definition  of 
the  unit  current,  as  that  current  the  unit  length  of  which  at  a  unit  distance 
exerts  a  unit  force  on  the  unit  magnetic  pole.  The  definition  of  the  unit 
magnetic  pole  proposed  by  Gauss  and  Weber  in  its  turn  depends  solely  011 
the  units  of  mass,  time,  and  length.' 

In  determining  the  unit  of  electrical  resistance  and  the  other 
electrical  units,  we  must  simply  follow  the  natural  relations  exist- 
ing between  the  various  electrical  quantities  and  between  these 
and  the  fundamental  units  of  timey  mass,  and  space. 

In  the  absolute  electro-magnetic  system  of  Weber  and  Thomson 
the  following  equations  exist  between  the  mechanical  and  electrical 
units  (Jenkin,  Proc,  Moyal  Soc.,  vol.  xir.  p.  158)  : — 
W  =  C^Rt (1) 

where  W  is  the  work  done  in  the  time  t  by  the  current  C  conveyed 
through  a  conductor  of  the  resistance  R.  This  equation  expresses 
Joule  and  Thomson's  law, 

^=s « 

where  E  is  the  electromotive  force.  This  equation  expresses  Ohm's 
law, 

Q  =  c< (3) 

which  again  expresses  a  relation  first  proved  by  Faraday,  where  Q 
is  the  quantity  of  electricity  conveyed  or  neutiralised  by  the  current 
in  the  time  t  Finally,  the  whole  system  is  rendered  determinate 
by  the  conditions  that  the  unit  length  of  the  unit  current  must 
produce  the  unit  force  on  the  unit  pole  (Gauss)  at  the  unit  distance. 
If  it  is  preferred  to  omit  the  conceptions  of  magnetism,  this  last 
statement  is  exactly  equivalent  to  saying  that  the  unit  current 
conducted  round  two  circles  of  unit  area  in  vertical  planes  at  right 
angles  to  each  other,  one  circuit  being  at  a  great  distance,  D,  above 
the  other,  will  cause  a  couple  to  act  between  the  circuits  of  a 
magnitude  equal  to  the  reciprocal  cube  of  the  distance  D.     This 
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last  relation  expresses  the  proposal  made  by  Weber  for  connecting 

the  electric  and  magnetic  measure. 

These  four  rehitions  serve  to  define  the  four  magnitudes  R,  C, 

Q,  and  E,  without  reference  to  any  but  the  fundamental  units  of 

time^  space^  and  mass;  and  when  reduced  to  these  fundamental 

units,  it  will  be  foimd  that  the  measurement  of  R  involves  simply 

a  velocity,  i.e.,  the  quotient  of  a  length  by  a  time.    It  is  for  this 

mptrft 

reason  that  the  absolute  measure  of  resistance  is  styled ,  or 

second 

^^  ,  precisely  as  the  common  non-absolute  unit  of  work  in- 
second 

volving  the  product  of  a  weight  into  a  length,  is  styled  kilogramme 
or  foot  pound. 

It  is  difficult  to  give  a  popular  definition  of  the  unit ;  but  the 
following  by  Fleeming  Jenkin  will  serve  to  show  how  a  real  velo- 
city may  be  used  to  measure  a  resistance  by  using  the  velocity 
with  which  under  certain  circumstances  part  of  a  circuit  must  be 
made  to  move  in  order  to  induce  a  given  cuiTent  in  a  circuit  of 
the  resistance  to  be  measured : — 

The  resistance  of  the  absolute  "  '^  is  such  that  a  current  generated  in  a 
second 
circuit  of  that  resistance  by  the  electro-magnetic  force  due  to  a  straight  bar 
I  metre  long,  moving  across  a  magnetic  field  of  unit  intensity,  perpendicularly 
to  the  lines  of  force,  and  to  its  own  direction,  with  a  velocity  of  i  metre  per 
second,  would,  if  doing  no  other  work  or  equivalent  of  work,  develop  in  that 
circuit  in  one  second  of  time  a  total  amount  of  heat  equivalent  to  one  absolute 
unit  of  work,  or  sufficient  heat,  accorHing  to  Joule's  experiments,  to  heat 
o  000Z405  gramme  of  water  at  its  maximum  densit}*  1^  C. 

The  relations  of  the  system  of  units,  called  by  Weber  the  electro- 
magnetic units,  to  each  other  and  to  the  mechanical  units,  may 
be  summed  up  thus : — 

The  unit  of  a  current  conveys  a  unit  of  electricity  through  the  circuit  in  a 
unit  of  time.  ITie  unit  current  iu  a  conductor  of  unit  resistance  produces  an 
effect  equivalent  to  the  unit  of  work  in  one  unit  of  time.  The  unit  current 
will  be  produced  in  a  circuit  of  unit  resistance  by  the  unit  of  electro  magnetic 
force.  The  unit  current  Bowing  through  a  conductor  unit  of  length  will 
exert  the  unit  force  on  the  unit  pole  at  the  unit  distance. 

In  order  to  determine  the  resistance  of  a  wire  in  absolute  measure, 
Weber  {Phil  Mag,,  1861)  employed  two  methods. 

I .  By  suddenly  turning  a  coil  of  wire  about  an  axis  so  as  to 
alter  its  position  relatively  to  the  terrestrial  lines  of  magnetic 
force,  he  produced  an  electromotive  force  acting  for  a  short  time 
in  the  coil  This  coil  was  connected  with  another  fixed  coil  having 
a  magnet  suspended  in  its  centre.  The  current  generated  by  the 
electromotive  force  passed  through  both  coils,  and  gave  the  magnet 
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a  sudden  impulse,  the  amount  of  which  was  measured  by  its 
extreme  deflection. 

Thus  an  electromotive  force  of  short  duration  produced  a  current 
of  short  duration.  The  total  amount  of  electromotive  force  depended 
on  the  size  of  the  moveable  coil,  and  the  intensity  of  terrestrial 
magnetism.  The  total  amount  of  the  current  is  measured  by  the 
impulse  given  to  the  magnet,  and  the  mechanical  value  of  the 
impulse  is  measured  by  the  angle  through  which  it  swings.  The 
resistance  of  the  whole  circuit,  consisting  of  both  coils,  is  then 
ascertained  by  dividing  the  electromotive  force  by  the  current. 

2.  By  causing  a  powerful  magnet  to  oscillate  within  a  coil  of 
wire.  By  the  motion  of  the  magnet,,  currents  are  produced  in  the 
coil,  and  these  reacting  on  the  magnet  retard  its  motion.  The 
rate  of  diminution  of  the  amplitude  of  the  oscillations,  when  com- 
pared with  the  rate  of  diminution  when  the  current  is  broken, 
affords  the  means  of  determining  the  resistance  of  the  circuit. 

(114)  Tbe  Britlsb  Assooiatioii  Vnlt  of  Sleotrioal  Resist- 
ance.— ^In  their  experimental  measurements  of  electrical  resistance, 
Messrs.  J.  Clerk  Maxwell,  Balfour  Stewart,  and  Fleeming  Jenkin 
(On  Standards  of  Electrical  Hesistance,  British  Associatiofi  JReport 
for  1863)  adopted  an  apparatus  designed  by  Professor  Thomson, 
by  which  the  resistance  of  a  coil  can  be  determined  in  electro- 
magnetic measure  by  the  observation  of  the  constant  deflection  of 
a  magnet. 

The  coil  of  wire  is  made  to  revolve  about  a  vertical  diameter  with  constant 
velocity.  Tbe  motion  of  the  coil  among  the  lines  of  force,  dae  to  the  earth's 
magnetism,  produces  indirect  currents  in  the  coil,  which  are  alternately  in 
opposite  direction  with  respect  to  the  coil  itself,  the  direction  changing  as 
the  plane  of  the  coil  passes  through  the  east  and  west  direction.  If  we 
consider  the  direction  of  the  current  with  respect  to  a  fixed  line  in  the  east 
and  west  direction,  we  shall  find  that  the  changes  in  the  current  are  accom- 
panied with  changes  on  the  face  of  the  coil  presented  to  the  east,  so  that  the 
absolute  direction  of  the  current  as  seen  from  the  east  remains  always  the 
same. 

If  a  magnet  be  suspended  in  the  centre  of  the  coil,  it  will  be  deflected  from 
the  north  and  south  line  by  the  action  of  these  currents,  and  will  be  turned  in 
the  same  direction  as  the  coil  revolves.  The  force  producing  this  deflection 
is  varying  continually  in  magnitude  and  direction ;  but  as  the  periodic  time 
is  small,  the  oscillations  of  the  magnet  may  be  rendered  insensible,  by  in- 
creasing the  mass  of  the  apparatus  along  which  it  is  suspended.  The  resist- 
ance of  the  coil  may  be  found  when  we  know  the  dimensions  of  the  coil,  tbe 
velocity  of  rotation,  and  the  deflection  of  the  magnet.  The  intensity  of 
terrestrial  ma^etism  enters  into  the  measurement  of  the  electromotive 
force,  and  also  into  the  measurement  of  the  cu?  rent ;  but  the  measure  of  the 
resistance,  which  is  the  ratio  of  these  two  quantities,  is  quite  independent  of 
the  value  of  the  magnetic  intensity. 

For  a  description  of  the  apparatus,  and  for  a  detail  of  the  experi- 
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ments  made  with  it^  and  a  discussion  of  the  results,'  we  must  refer 
to  the  report  above  referred  to.  The  committee  are  now  prepared 
to  supply  the  public  with  copies  of  their  standard  of  electrical 
resistance,  constructed  of  an  alloy  of  platinum  and  silver,  which 

are  close  approximations  to  10,000,000    ™^   ^-  in  Weber's  abso- 

seconcls 

lute  electro-magnetic  system,  the  magnitade    ^^        being  far  too 

small  to  be  practically  convenient.  This  is  not  very  different  from 
Siemens's  mercury  unit,  which  has  been  found  convenient  in  practice. 
It  is  about  the  25th  part  of  one  mile  of  No.  16  impure  copper  wire, 
used  as  a  standard  by  the  Electric  and  International  Company.  It 
is  proposed  that  the  new  standard  shall  not  be  called  ^  absolute 

measure,'  or  described  as  so  many     ^^  ^  ,   but  that  it  shall  re- 
seconds 

ceive  a  distinctive  name,  such  as  the  B.  A.  unit,  or,  as  Mr.  Latimer 
Clark  suggests,  the  ^  Ohmad ; '  so  that  if  hereafter  improved  methods 
of  determinations  in  absolute'  measure  are  discovered,  or  better 
experiments  made,  the  standard  need  not  be  changed,  but  a  small 
coefficient  of  correction  applied  in  those  cases  in  which  it  is  neces- 
sary to  convert  the  B.  A.  measure  into  absolute  measure,* 


CHAPTER  HI. 


THE   CHEMICAL   POWERS   OF  THE   VOLTAIC   PILE. 

Decomposition  of  Water  and  Saline  Solutions — Hypothesis  of  Grotthus — 
Faraday's  Researches— Secondary  Results — Electro-metallurgy — Electro- 
plating— Panieirs  Researches— Electrical  Endosmose. 

The  chemical  powers  of  the  voltaic  pile  were  discovered  and 
described  by  Messrs.  Nicholson  and  Carlisle  in  the  year  1800. 
Water  was  the  first  compound  decomposed. 

In  the  year  1806  Davy  delivered  before  the  Royal  Society  his 
celebrated  lecture,  '  On  some  Chemical  Agencies  of  Electricity ;  * 
and  in  1807  he  announced  the  grand  discovery  of  the  decomposition 
of  the  fixed  alkalies. 

The  masterly  researches  of  Faraday  were  given  to  the  world 
between  the  years  1831  and  1840. 

*  The  unit  coil  and  hox  ma}*  be  obtained  by  applying  to  Mr.  Fieeming 
Jenkin,  Secretary  to  the  Committee,  6  Duke  Street,  Adelphi. 
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When  water  and  certain  saline  solutions  are  made  part  of  the 
electric  circuit,  so  that  a  current  of  electricity  may  pass  through 
them,  they  are  decomposed,  that  is,  they  yield  up  their  elements, 
in  obedience  to  certain  laws.  Water  is  resolved  into  oxygen  and 
hydrogen  gases,  and  the  acid  and  alkaline  matters  of  the  neutral 
salts,  which  it  holds  in  solution,  are  separated  not  in  an  indiscri- 
minate manner,  but  the  oxygen  and  the  acids  are  all  developed  at 
the  positive  pole,*  and  the  hydrogen  and  the  alkalies  at  the  nega- 
tive. If  pure  water  be  submitted  to  the  action  of  the  current,  it 
is  decomposed  with  great  difficulty,  in  consequence,  probably,  of 
its  bad  conducting  power ;  for,  if  a  little  sulphuric  acid  be  added, 
it  yields  to  the  power  of  a  very  moderate  current. 

To  decompose  acidulated  water,  it  may  be  confined  in  a  glass 

tube,  sealed  hermetically  at  one  end,  and  made  part  of  the  circuit  by 

means  of  gold  or  platinum  wires ;  or  the  arrangement  shown  in  Fig. 

152  may  be  adopted,  the  wires  being  about 

Fig.  IJ2.  one-fourth  of  an  inch  apart    If  two  tubes 

be  employed,  one  placed  over  either  wire, 

gas  vsdll  be  collected  in  each ;  but  that  in 

the  tube  over  the  negative  electrode  will  be 

rather  more  than  double  in  volume  to  that 

in  the  tube  over  the  positive  electrode ;  the 

former    being    hydrogen,    and  the  latter 

oxygen  gas.     Now  in  vapour  of  water,  the 

relation  by  volume  between  the  hydrogen 

and  oxygen  gases  is  exactly  as  two  to  one ; 

and  the  reason  why  they  do  not  appear 

precisely  in  this  proportion  when  water  is 

el-ectrolized  is  because  oxygen  is  partially 

soluble,  and  a  portion  is  therefore  retained 

in  the  acidulated  water  over  which  the   gases  are  collected. 

To  show  the  decomposition  of  a  neutral  salt,  and  the  deter- 

•  According  to  Faraday's  views,  the  determining  force  is  not  at  the  so- 
called  poles  of  the  voltaic  battery  but  within  the  body  suffering  decomposition. 
The  poles  of  the  battery  he  regards  as  the  door$  through  which  the  electricity 
enters  into,  or  passes  out  of,  the  decomposing  body ;  he  proposes,  therefore, 
for  them  the  name  electrodes,  from  riXtinpov  and  63bf  (way).  Compounds 
decomposable  by  the  electric  current  he  proposes  to  call  electrolytes,  from 
riXticTpoy  and  Avw  (set  free) ;  and  the  act  of  decomposing  a  compound  electro- 
chemically  he  calls  its  electrolyns,  Mr.  Daniell  distinguishes  the  'doors* 
through  which  the  current  enters  and  departs  by  the  terms  zincode  and 
platinode,  the  former  being  the  plate  which  occupies  the  position  of  the 
generating  plate  on  the  battery,  and  the  latter  that  of  the  conducting  plate. 
The  old  terms  positive  and  negative  pole,  or  positive  and  negative  electrode, 
are,  however,  almost  universally  used. 
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mination  of  the  acid,  or  the  element  replacing  it,  to  the  positive 
electrode,  and  of  the  alkali  to  the  negative,  the  following  experi- 
ments may  be  made : — 

I.  A  small  quantitj  of  sulphate  of  soda  may  be  dissolved  in  water  tinged 
blue  by  tincture  of  violets,  and  introduced  into  a  glass  syphon-shaped  tube, 
into  either  aperture  of  which  is  inserted  a  platinum  wire  or  plate  proceeding 
from  the  terminals  of  a  voltaic  battery,  as  shown  in  Fig.  153 ;  in  a  short  time 


Fig.  153.  Fig.  154. 


the  fluid  in  the  limb  into  which  the  positive  electrode  is  placed  will  become  red, 
and  that  in  the  limb  into  which  the  negative  electrode  is  inserted  will  become 
green ;  the  former  indicating  the  presence  of  add,  and  the  latter  of  alkali. 
If  the  direction  of  the  current  be  reversed,  the  colours  will  be  gradually 
reversed  also. 

This  expei-iment  may  be  modified  thus : — 

Let  two  tubes,  each  furnished  with  a  platiniyn  electrode,  be  filled  with  the 
coloured  saline  solution,  and  placed  in  two  separate  glasses,  connected  together 
by  a  glass  syphon-shaped  tube,  likewise  filled  with  the  saline  solution,  as 
shown  in  Fig.  154.  On  transmitting  the  current,  it  will  be  found  that,  not- 
withstanding they  are  inverted  in  separate  glasses,  the  liquid  in  P  will  be 
turned  red,  and  that  in  N  green,  as  before ;  and,  if  the  experiment  be  con- 
tinned  sufficiently  long,  the  alkali  of  the  salt  will  be  found  to  have  passed 
from  P  to  N,  and  the  acid  from  N  to  P ;  the  acid  and  alkali  appearing  to 
traverse  the  syphon  in  opposite  directions,  and  the  usual  chemical  affinities 
appearing  to  be  suspended  under  the  influence  of  electrical  attraction. 

2.  A  solution  of  common  salt  in  water  acidulated  with  hydrochloric  acid, 
and  coloured  blue  with  a  few  drops  of  the  sulphuric  solution  of  indigo,  may  be 
introduced  into  a  glass  cell,  divided  into  two  compartments  by  a  diaphragm 
composed  of  two  or  three  folds  of  bibulous  paper  (Fig.  155).  On  transmitting 
a  voltaic  current  through  the  solution,  it  will  be  found  in  a  few  minutes  that 
the  compartment  in  which  the  positive  electrode  is  immersed  has  lost  its 
colour,  while  the  liquid  in  the  other  compartment  is  unaltered;  but  on 
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reversing  tlie  direction  of  the  current,  the  liquid  in  this  coinpartment  will 
also  be  discoloured.  In  this  experiment  chlorine  is  eliminated  at  the  positive 

electrode  and  hydrogen  at  the  negative ; 
pjg  ,..,  the    former   element   possessing    the 

property  of  bleaching  indigo. 

Jill!  gllllll  3.  Let  the  cell  be  filled  with  a  weak 

jPIIPf  solution  of  starch  acidified  with  hydro- 

jHgMlIP  chloric  acid,  and  a  few  drops  of  iodide 

^SBi  ^f  potassium  added.    Then,  after  di- 

^^^^■■B  viding  the  cell  by  a  diaphragm  of 
^^2^^^^  bibulous  paper,  let  the  voltaic  current 
Hp^^^  be  transmitted  as  before.    The  liquid 

in  the  positive  compartment  will 
speedily  become  blue,  owing  to  the  liberation  there  of  iodme^  which,  entering 
immediately  into  combination  with  the  starch,  forms  an  iodide  of  starch  of 
a  fine  blue  colour. 

4,  Let  the  cell  be  filled  with  solution  of  salt,  to  which  a  few  drops  of  solu- 
tion of  ferrocyanide  of  potassium  have  been  added.  Introduce  into  each  com- 
partment a  plate  of  iron  as  an  electrode ;  in  a  few  minutes  the  liquid  in  the 

.positive  compartment  will  become  of  a  deep  blue  colour,  in  consequence  of 
the  oxidation  and  solution  there  of  the  iron,  and  the  consequent  formation 
of  Prussian  blue  by  reaction  with  the  solution  of  the  ferrocyanide. 

5.  Fill  a  tall  cylinder  with  a  moderately  strong  solution  of  sulphate  of 
copper ;  connect  a  long  platinum  slip  with  either  end  of  a  voltaic  batter3% 
and  immerse  them  in  the  solution.  In  a  few  seconds  the  plate  connected 
with  the  negative  electrode  will  become  covered  with  metallic  copper,  that  in 
connection  with  the  positive  electrode  remaining  bright.  Reverse  the  direction 
of  the  current,  the  metallic  cupreous  deposit  will  gradually  vanish  from  the 
platinum  plate,  and  make  its  appearance  on  the  other  plate,  now  the  negative 
electrode.  In  the  electrolysis  of  metallic  solutions,  the  metals,  when  reduced, 
alwa3's  appear  at  the  negative  electrode. 

A  remarkable  paper  on  Some  Chemical  Agencies  of  ElectricUy 

was  communicated  to  the  Eoyal  Society  in  November  1806  by 

Davy.  Amongst  other  experiments  the  following  are  described : — 

*An  arrangement  was  made  consisting  of  three  vessels,  as  shown  in 

Fig.  156.     Solution  of  sulphate  of  potash  was  placed  in  contact  with  the 

negatively    electrified    point, 
Fig  i<6  P°™  wafer  was  placed  in  con- 

tact with  the  positively  elec- 
r^^_^^J^^  — ^^^^k— -.^^^  trified  point,  and  a  weak  solu- 

^^^^P^fc^^^^fc"^  tion  of  ammonia  was  made  the 

WS^H     I^^^B      ^^SSm  middle  link  of  the  conducting 

wjMf      ^gj^m       ^||V  chain,  so  that  no  sulphuric  acid 

jT^  j^        »    J^T  could  pass  to  the  positive  point 

C^3  (^^  (^^  ^^  the  distilled  water  without 

passing  through  the  solution  of 
ammonia ;  the  three  glasses  were  connected  together  by  pieces  of  amianthus 
A  power  of  150  pairs  was  used.  In  less  than  five  minutes  it  was  found  by 
litmus  paper  that  acid  was  collecting  round  the  positive  point ;  in  half  an 
hour  the  result  was  sufficiently  distinct  for  accurate  examination.  The 
water  was  sour  to  the  taste,  and  precipitated  solution  of  nitrate  of  bar}>tes. 
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Muriatic  acid  from  muriate  of  soda  and  nitric  acid  from 

nitrate  of  potash  were  transmitted  through  concentrated  alkaline  menstrua 
under  similar  circumstances ;  when  distilled  water  was  placed  in  the  negative 
part  of  the  circuit,  a  solution  of  sulphuric,  muriatic,  or  nitric  acid  in  the  middle, 
and  any  neutral  salt  with  a  base  of  lime,  toda,  potcuh,  ammonia,  or  magrietia 
in  the  positive  part,  the  alkaline  matter  was  transmitted  through  the  acid 
matter  to  the  negative  surface,  with  similar  circumstances  to  those  occurring 
during  the  passage  of  the  acid  through  alkaline  menstrua.' 

These  experiments  excited  at  the  time  they  were  announced  the 
utmost  astonishment ;  and  the  only  way  by  which  they  could  at 
aU  be  explained  was  by  supposing  that  throughout  the  whole 
circuit  the  natural  afl&nities  gf  substances  are  suspended,  but  again 
recovered  when  they  are  dismissed  at  the  electrodes  by  which  they 
were  attracted. 

(115)  Bjpotbesis  of  OrotUiiM.  —  The  earliest  and  most 
plausible  theory  to  explain  the  chemical  decompositions  effected 
by  the  voltaic  battery  was  that  of  Grotthus.  He  assumed  that  each 
constituent  of  a  binary  compound  is  in  an  opposite  electrical  state, 
one  of  the  elements  being  electro-positive,  and  the  other  electro- 
negative ;  and  that  under  the  influence  of  the  contrary  electricities 
of  the  poles  or  electrodes  there  is  effected  in  the  liquid  in  which 
they  are  immersed  a  series  of  decompositions  and  recompositions 
from  pole  to  pole.  Take  for  example  the  case  of  water.  In  its 
natural  or  unelectrified  state  the  natural  electricities  of  the  mole- 
cules of  oxygen  and  hydrogen  are  in  equilibrium,  as  they  each 
possess  an  exactly  equal  amount  of  the  opposite  forceia,  the  oxygen 
being  electro-negative,  that  is,  having  a  natural  attraction  for 
negative  electricity,  and  the  hydrogen  electro-positive,  i.  e.  having 
a  natural  attraction  for  positive  electricity.  When  brought  under 
the  influence  of  the  voltaic  current,  the  row  of  molecules  between 
the  poles  or  electrodes  is  thrown  first  into  an  electro-polar  state. 


Fig.  157  (a). 
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that  is,  the  electro-negative  molecules  turn  towards  the  positive 
electrode,  and  the  electro-positive  molecules  turn  towards  the 
negative  electrode,  as  shown  in  Fig.  157  (a),  where  the  dark  half- 
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circles  represent  the  molecules  of  electro-negative  oxygen,  and  the 
light  half-circles  those  of  electro-positive  hydrogen. 

The  positive  electrode  p  acts  hy  induction  on  the  electricity  of 
the  molecule  of  water  a ;  the  oxygen  takes  a  negative  charge,  and 
turns  towards  the  positive  electrode.  In  like  manner  the  negative 
electrode  N  acts  hy  induction  on  the  electricity  of  the  molecule  «, 
the  hydrogen  of  which  takes  a  positive  charge,  and  turns  towards 
the  negative  electrode.  .The  positive  electricity  of  a  thus  accu- 
mulated on  the  hydrogen  molecule  produces  the  same  action  on  6  as 
the  positive  electrode  produced  on  it ;  5  in  like  manner  acts  upon 
c ;  c  on  rf,  and  so  on,  until  all  the  particles  of  water  between  the 
two  electrodes  assume  the  polar  arrangement  shown  in  the  figure. 
If  now  the  voltaic  current  he  sufficiently  powerful,  discharge  takes 
place  along  the  whole  line  of  particles,  the  oxygen  of  each  mole- 
cule passing  on  to  the  hydrogen  of  the  one  on  its  left,  consequently 
a  molecule  of  oxygen  is  left  free,  and  escapes  as  gas  at  the  positive 
electrode,  and  a  molecule  of  hydrogen  is  left  free,  and  escapes  as 
gas  at  the  negative,  thus  :— 


Fig.  157  (6). 
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I'he  same  theory  is  applicable  to  every  case  of  the  decomposition 
of  a  single  electrolyte,  and  also  to  the  remarkable  experiments  of 
Davy.  In  all  cases  there  must  be  one  unbroken  series  of  particles 
of  the  electrolyte  between  the  two  electrodes ;  and  in  the  case  in 
which  the  acid  and  alkaline  constituents  of  the  salts  appear  to  be 
drawn  through  pure  water,  ammonia,  &c.,  the  decomposition  could 
not  have  commenced  until  a  portion  of  the  salt  had  passed  by 
capillary  attraction  across  the  syphons,  so  that  a  continuous  line  of 
saline  particles  was  established  between  the  electrodes. 

(116)  Water  may  serve  as  an  lUeotrode.— A  substance 
cannot  be  transferred  in  the  electric  current  beyond  the  point  where 
it  ceases  to  find  a  particle  with  which  it  can  combine.  A  single 
ion*  that  is^  one  not  in  combination  with  another,  will  have  no 

*  Faraday  proposes  to  call  the  elements  of  an  electrolyte  wnn^  from  twr, 
pai'ticiple  of  the  verb  d/Kt  (to  go).  The  wm  which  make  their  appearance  at 
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tendency  to  pass  to  either  electrode,  and  will  be  perfectly  indif- 
ferent to  the  passing  current.  If  combined  in  right  proportions 
with  another  ion  strongly  opposed  to  it  in  ordinary  chemical  rela- 
tions^ that  is;  if  an  anion  be  combined  with  a  cation,  then  both  will 
travel,  the  one  to  the  anode,  and  the  other  to  the  cathode.  If, 
therefore,  an  ion  pass  towards  one  of  the  electrodes,  another  ion 
must  be  also  passing  simultaneously  to  the  other  electrode,  though 
from  secondary  action  it  may  not  make  its  appearance.  The 
nature  of  the  substance  of  which  the  electrode  is  foi*med,' provided 
it  be  a  conductor,  causes  no  difference  in  the  electro-chemical  de- 
composition, either  in  kind  or  degree,  though  by  secondary  action 
it  may  greatly  influence  the  state  in  which  the  ions  finally  appear. 

The  beautiful  experiments  of  Faraday,  in  which  air  was  shown 
to  act  as  a  pole,  have  been  referred  to  (36).  By  the  following 
arrangement  the  decomposition  of  sulphate  of  magnesia  against  a 
surfece  of  water  is  satisfactorily  demonstrated : — 

A  glass  basin,  four  inches  in  diameter  and  four  inehes  deep,  had  a  division 
of  mica  a  (Fig.  158)  fixed  across  its  npper  part  so  as  to  descend  one  inch 
and  a  half  below  the  edge  and  be  perfectly 
water-tight  at  the  sides.  A  plate  of  platinum 
b,  three  inches  wide,  was  pot  into  the  basin  on 
one  side  of  the  division  a,  and  retained  there 
-  by  a  glass  block  below,  so  that  any  gas  pro- 
duced by  it  in  a  future  stage  of  the  experi- 
ment should  not  ascend  beyond  the  mica,  and 
cause  currents  in  the  liquid  on  that  side.  A 
strong  solution  of  sulphate  of  magnesia  was 
carefully  poured  without  splashing  into  the 
basin,  until  it  rose  a  little  above  the  lower 
edge  of  the  mica  division  a,  great  care  being 
taken  that  the  glass  or  mica  on  the  unoccu- 
pied or  c  side  of  the  division  in  the  figure 
should  not  be  moistened  by  agitation  of  the 
solution  above  the  level  to  which  it  rose.  A 
thin  piece  of  cork,  well  wetted  in  distilled 
water,  was  then  carefully  and  lightly  placed 
on  the  solution  at  the  e  side,  and  distilled 
water  poured  gently  on  to  it,  until  a  stratum 

the  eighth  of  an  inch  in  thickness  appeared  over  the  sulphate  of  magnesia. 
All  was  then  left  for  a  few  minutes,  that  any  solution  adhering  to  the  cork 
might  sink  away  from  it,  or  be  removed  from  the  water  on  which  it  now 
floated,  and  then  more  distilled  water  was  added  in  a  similar  manner  until 


Pig.  158. 


the  positive  electrode,  or  anode,  he  calls  anions ;  the  term  anode  being  derived 
from  am  (upwards),  and  0S09  (way) — the  way  which  the  sun  rises ;  the  ions 
which  make  their  appearance  at  the  negative  electrode,  or  cathodef  he  calls 
catuins ;  Xhe  term  cathode  being  derived  from  Kara  (do?rnwards),  and  U09 
(yra.yy^'-^  way  which  the  sun  sets, 
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it  reached  nearly  to  the  top  of  the  glass.  In  this  way  solution  of  sulphate 
of  magnesia  occupied  the  lower  part  of  the  glass,  as  also  the  upper  on  the 
right  side  of  the  mica;  baton  the  left-hand  side  of  the  division,  a  stratum 
of  water  from  c  to  cf,  one  inch  and  a  half  in  depth,  reposed  upon  it.  THe 
two  presented,  when  looked  through  horizontally,  a  comparatively  definite 
plane  of  contact. 

A  second  platinum  pole  e  was  arranged  so  as  to  be  just  under  the  surface  of 
the  water  in  a  position  nearly  horizontal,  a  little  inclination  being  given  to 
it,  that  gas  evolved  during  decomposition  might  escape.  The  part  immersed 
was  three  inches  and  a  half  long  by  one  inch  wide ;  and  about  seven  inches 
of  water  intervened  between  it  and  the  solution  of  sulphate  of  magnesia. 

The  latter  pole  e  was  now  connected  with  the  n^ative  end  of  a  strong  vol- 
taic battery,  whilst  the  former  pole  b  was  connected  with  the  positive  end. 
Gas  was  evolved  at  both  poles,  but  from  the  intervention  of  pure  water  the 
decomposition  was  very  feeble  compared  to  what  the  batterj'  would  have 
effected  in  a  uniform  solution.  After  a  while  (less  than  a  minute),  magnesia 
also  appeared  at  the  negative  end.  It  did  not  make  its  appearance  at  the 
negative  metallic  pole,  but  in  the  water  at  the  place  where  the  solution  and  the 
water  met ;  and  on  looking  at  it  horizontally,  it  could  there  be  perceived 
lying  in  the  water  upon  the  solution,  not  rising  more  than  the  fourth  of  an 
inch  above  the  latter,  whilst  the  water  between  it  and  the  negative  pole 
was  perfectly  clear.  On  continuing  the  action,  the  bubbles  of  hydrogen 
rising  upwards  from  the  negative  pole  impressed  a  circulating  movement  on 
the  stratum  of  water,  upwards  in  the  middle  and  downwards  at  the  side, 
which  gradually  gave  an  ascending  form  to  the  cloud  of  magnesia  in  the 
part  just  under  the  pole,  having  an  appearance  as  if  it  were  there  attracted 
to  it,  but  this  was  altogether  an  effect  of  the  currents,  and  did  not  occur  till 
long  after  the  phenomena  looked  for  were  satisfactorily  ascertained. 

(117)  Transfer  of  Slements. — ^No  element  or  substance  can 
be  transferred  or  pass  from  pole  to  pole  imless  it  be  in  chemical 
relation  to  some  other  element  or  substance  tending  to  pass  in  the 
opposite  direction,  the  effect  being  essentially  due  to  the  mutual 
relation  of  such  particles.  Thus,  pulverised  charcoal  or  sublimed 
stdphur,  diffused  through  dilute  sulphuric  acid,  exhibits  no  tendency 
to  pass  to  the  negative  pole,  neither  do  spcmgy  platinum  or  ^ofo?  pre- 
cipitated by  sulphate  of  iron  :  yet  in  these  cases  the  attraction  of 
cohesion  is  almost  perfectly  overcome ;  the  particles  are  so  small 
as  to  remain  for  hours  in  suspension,  and  are  perfectly  free  to  move 
by  the  slightest  impulse  towards  either  pole. 

As  an  illustration  of  the  transfer  of  elements,  and  their  progress 
in  opposite  directions  parallel  to  the  electric  current,  the  decompo- 
sition of  chloride  of  silver  by  silver-wire  electrodes  may  be  referred 
to.  Upon  fusing  a  portion  of  this  compound  on  a  piece  of  glass, 
and  bringing  the  poles  into  contact  with  it,  there  is  abundance  of 
silver  evolved  at  the  negative  electrode,  and  an  equal  quantity  ab- 
sorbed at  the  positive,  for  no  chlorine  is  set  free,  and  by  careful 
management  the  negative  wire  may  be  drawn  from  the  fused 
globules  as  the  silver  is  reduced  there,  the  latter  serving  as  the 
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continuation  of  the  pole,  until  a  wire  or  tliread  of  revived  silver 
five  or  six  inches  in  length  is  produced.  At  the  same  time  the 
silver  at  the  positive  electrode  is  rapidly  dissolved  by  the  chlorine 
which  seizes  upon  it,  so  that  the  wire  has  to  he  continually  ad- 
vanced as  it  is  melted  away.  The  whole  experiment  includes  the 
action  of.  only  two  elements — silver  and  chlorine. 

(ii8)  Bleotro-obemioal  Classifioatioii  of  Slements. — The 
following  arrangement,  though  not  altogether  derived  from  experi- 
ment, and  therefore  subject  to  correction  and  modification,  is  use- 
ful as  indicating  the  electrical  tendencies  of  a  large  number  of 
bodies.  In  the  list  of  negative  substances,  each  element  is  to  be 
considered  as  negative  to  all  below  and  positive  to  all  above  it  in 
the  list,  and  the  same  applies  to  the  list  of  positive  substances. 
The  elements  are  therefore  negative  or  positive  only  in  relation  to 
each  other.  Thus  supposing  a  compound  of  oxygen  and  chlorine  to 
be  electrolyzed,  the  oxygen  would  go  to  the  positive  and  the  chlo- 
rine to  the  negative  electrode ;  but  if  the  compoimd  were  composed 
of  chlorine  and  phosphorus,  then  the  chlorine  would  go  to  the  posi- 
tive, and  the  phosphorus  to  the  negative  electrode : — 


I.  Electro-negative  Elements. 

II.  Electro-positive  Elements. 

Oxygen. 

Potassium. 

Sulphur. 

Sodium. 

Selenium. 

Lithium. 

Nitrogen. 

Barium. 

Fluorine. 

Strontium. 

Chlorine. 

Calcium., 

Bromine. 

Magnesium. 

Iodine. 

Aluminum. 

Phosphorus. 

Cranium. 

Arsenic. 

Manganese. 

Chromium. 

Zinc 

Vanadium. 

Iron. 

Tungsten. 

Nickel. 

Boron. 

Cobalt 

Carbon. 

Cadmium. 

Antimony. 

Lead. 

Tellurium. 

Tin. 

Titanium. 

Bismuth. 

Silicon.    . 

Copper. 

Hydrogen. 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Gold. 

(119)  Befinite  Sleetro-cbemioal  Action. — This  was  one  of  the 
^and  discoveries  of  Faraday.    In  the  investigation  of  the  question 
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it  was  necessary  to  construct  an  instrument  which  should  measure 
out  the  electricity  passing  through  it,  and  which,  being  interposed 
in  the  course  of  the  current  used  in  any  particular  experiment, 
should  serve  at  pleasure  either  as  a  comparative  gtmidard  of  effect, 
or  as  a  positive  measurer  of  the  agent  Water  acidulated  with 
sulphuric  acid  was  the  electrolyte  chosen,  and  Fig.  159  exhibits 
one  of  the  forms  of  apparatus  employed,  to  which  Faraday  gave 
the  appropriate  name  of  the  Voltameter  or  the  VoUa-electrometer :  — 
<2  is  a  straight  tube,  closed  at  one  extremity,  and  graduated ;  through  the 
sides  near  the  open  end  the  platinum  wires  6  b'  pass,  being  fused  into  the 
glass  and  connected  with  the  platinum  plates  within.    The  tube  is  fitted  by 


Pig.  159. 


Fig.  160. 


grinding  into  one  mouth  of  a  double-necked  bottle,  one-half  or  two-thirds 
filled  with  water  acidulated  with  sulphuric  acid.  The  tube  is  filled  by  in- 
clining the  bottle ;  and  when  an  electric  current  is  passed  through  it,  the 
gases  evolved  collect  in  the  upper  part  of  the  tube,  and  displace  the  dilute 
acid,  the  stopper  e  being  left  open«  When  the  graduated  tube  a  is  filled 
with  the  mixed  gases,  the  electric  current  may  be  broken  by  removing  the 
wires  connected  with  b  b',  the  stopper  c  replaced,  and  the  meter  tube  refilled 
by  properly  inclining  the  instrument ;  a  second  measure  of  gas  may  then  be 
connected  on  re-establishing  the  circuit,  and  so  on.  Many  other  forms  may 
be  given  to  this  instrument.  Fig.  160  is  a  useful  arrangement,  especially 
when  the  experiments  are  long  continued,  and  where  larg^  quantities  of  the 
indicating  gases  are  to  be  collected.  The  method  of  using  it  is  sufiiciently 
obvious.  The  delivery  tube  conducts  the  gases  into  a  gpraduated  receiver 
standing  on  the  shelf  of  a  hydro-pneumatic  trough,  where  they  can,  from 
time  to  time,  be  measured. 
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By  a  series  of  experiments  made  with  this  apparatus  under  a 
variety  of  forms,  with  different  sized  platinum  electrodes,  with 
acid  solutions  of  various  degrees  of  strength,  and  with  cun*ents  of 
varying  degrees  of  intensity,  it  was  proved 

'  That  water  when  svbjected  to  the  influence  of  the  electric  current  ie  decom- 
posed in  quantity  exactly  proportionate  to  the  quantity  of  electricity  which  passes 
through  it,  whatever  may  be  the  conditions  and  circumstances  under  which  it 
may  be  placed,* 

Hence  the  instrument  may  be  employed  with  confidence  as  an 
exact  measurer  of  voltaic  electricity.  As  a  proof  that  variation  of 
ititensity  has  no  influence  on  the  results  if  the  qtiantity  of  electricity 
remain  the  same,  Faraday  arranged  three  voltameters  in  such  a 
manner  that  after  the  current  had  passed  through  one  it  divided 
into  tioo  parts,  each  of  which  traversed  one  of  the  remaining 
instruments,  and  then  reunited. 

^  The  sum  of  the  decompositions  in  the  two  latter  vessels  was  always 
equal  to  the  decomposition  in  the  former  vesseV 

To  insure  accurate  results,  the  plates  of  the  voltameter  should 
be  placed  very  close  to  each  other ;  and  where  more  than  one 
instrument  is  included  in  the  circuit,  the  plates  should  be  the  same 
distance  apart  in  each.  The  chance  of  solution  of  the  gases  in  the 
acidulated  water  is  thus  diminished,  and  rendered  uniform  in  each 
instrument.  Still  more  accurate  results  are  obtained  by  collecting 
the  hydrogen  only,  as  this  gas  is  scarcely  sensibly  soluble  in  water. 

'  When  the  same  current  passes  successively  through  different  elec- 
trolytes, the  quantities  of  these  confounds  decomposed,  and  of  the 
several  eletnewts  eliminated,  arc  chemically  equivalent  to  each  other,'' 

Example,  Eledrolytic  Decon^nrntion  of  Chloride  of  Tin. — 
Faraday  made  the  following  experiment : — 

A  piece  of  platinum  wire  had  one  extremity  coiled  into  a  small  knob,  and 
having  been  carefully  weighed,  was  sealed  hermetically  into  a  piece  of  bottle- 
glass  tube,  80  that  the  knob  should  be  at  the  bottom  of  the  tube  within.  The 
tube  was  suspended  by  a  piece  of  platinum  wire,  so  that  the  heat  of  a  spirit- 
lamp  could  be  applied  to  it.  Recently  fused  protochloride  of  tin  was  introduced 
in  sufficient  quantity  to  occupy  when  melted  about  one-half  of  the  tube. 
The  wire  of  the  tube  was  connected  with  the  negative  electrode  of  a  voltaic 
battery,  and  a  platinum  wire,  connected  with  the  positive  electrode,  was 
dipped  into  the  fused  chloride  in  the  tube,  being,  however,  so  bent  that  it 
could  not  by  any  shake  of  the  hand  or  the  apparatus  touch  the  negative 
electrode  at  the  bottom  of  the  vessel  The  whole  arrangement  is  shown  iu 
Fig.  161. 

Under  these  circumstances  the  chloride  of  tin  was  decomposed ;  the  chlorine 
evolved  at  the  positive  electrode  formed  bichloride  of  tin,  which  passed^way 
in  fumes,  and  the  tin  evolved  at  the  negative  electrode  combined  with  the 
platinum,  forming  an  alloy  fusible  at  the  temperature  to  which  the  tube  was 
subjected,  and  therefore  never  occasioning  metaliic  communication  through 
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the  decomposing  chloride.  When  the  experiment  had  been  continaed  for 
some  time,  the  batter>'^  connections  were  broken,  the  positive  electrode  removed, 
and  the  tube  and  remaining  chloride  allowed  to  cooL  When  cold,  the  tube 
was  broken,  the  undecomposed  chloride  and  the  glass  being  easily  separable 
from  the  platinum  wire  and  its  button  of  alloy.  The  latter  when  washed 
was  re- weighed,  and  the  increase  gave  the  weight  of  the  tin  reduced. 

Fig.  i6i. 


The  following  were  the  results  of  a  particular  experiment : — 
*  The  negative  electrode  weighed  at  first  20  grains :  after  the  experiment,  it 
weighed  with  the  button  of  alloy  23*2  grains.  The  tin  evolved  by  the  electric 
current  at  the  cathode  weighed  therefore  3*2  grains.  The  quantity  of  oxygen 
and  hydrogen  gases  collected  in  the  voltameter  amounted  to  3*85  cubic 
inches.  Now  as  100  cubic  inches  of  oxygen  and  hydrogen  in  the  proportion 
to  form  water  may  be  considered  as  weighing  12-92  grains,  the  3*85  cubic 
inches  collected  in  the  experiment  would  -weigh  0-49742  .gr.,  that  being, 
therefore,  the  weight  of  water  decomposed  by  the  same  electric  current  that 
was  able  to  decompose  such  a  weight  of  protochloride  of  tin  as  could  yield 
3*2  grains  of  metal. 

Now  0*49742  :  9  (the  equivalent  of  water)  :  :  3-2  :  579;  57-9  should, 
therefore,  be  the  eqwivcUent  of  tin,  if  the  experiment  had  been  without  error, 
and  if  the  electro-chemical  decomposition  is  in  this  ease  also  definite.  In 
some  chemical  works  58  is  given  as  the  chemical  equivalent  of  tin ;  in  others, 
57-9.  Both  are  so  near  to  the  result  of  the  experiment,  and  the  experiment 
itself  is  so  subject  to  slight  causes  of  variation,  that  the  numbers  leave  little 
doubt  of  the  applicability  of  the  law  of  definite  action  in  this  and  all  similar 
cases  of  decomposition.' 

Faraday  experimented  upon  chloride  of  lead  in  a  manner  precisely 
similar,  except,  that  ^/tim&o^o  was  substituted  for  platinum,  as  the 
positive  electrode.  The  mean  of  three  experiments  gave  100*85  ^ 
the  equivalent  for  lead.  The  chemical  equivalent  is  103*5,  t^® 
deficiency  being  probably  attributable  to  the  solution  of  part  of 
the  gas  in  the  voltameter. 

In  some  experiments  several  ^ibstances  were  placed  in  succession, 
and  decomposed  simultaneously  by  the  same  electric  current: 
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thus  protocMoride  of  tin,  chloride  of  leadj  and  toater  were  acted  on 
at  once ;  the  results  were  in  harmony  with  each  other,  the  tiuy 
leadj  chlorine^  oxygen,  and  hydrogen  evolved  being  definite  in  quantity , 
and  electro-chemical  equivalents  to  each  other. 

(120)  Absolute  Quantity  of  Bleotrio  Force  in  Matter. — 
The  establishment  of  the  theory  of  definite  electro-chemical  action 
led  Faraday  to  the  consideration  of  the  absolute  quantity  of  electric 
force  in  matter.  To  decompose  a  single  grain  of  acidulated  water, 
an  electric  current  powerful  enough  to  retain  a  platinum  wire 
T^j  of  an  inch  in  thickness  red-hot  must  be  sent  through  it  for 
three  minutes  and  three  quarters :  and  this  quantity  of  electricity 
is  equal  to  a  very  powerful  flash  of  lightning.  Yet  the  electrical 
power  which  holds  the  elements  of  a  grain  of  water  in  combination, 
or  which  makes  a  grain  of  oxygen  and  hydrogen  in  the  right  pro- 
portions unite  into  water  when  they  are  made  to  combine,  equals 
in  all  probability  the  current  required  for  the  separation  of  that 
grain  of  water  into  its  elements  again,  and  this  Faraday  has  shown 
to  be  equal  to  800,000  charges  of  a  Leyden  battery  of  15  jars, 
each  containing  1 84  square  inches  of  glass  coated  on  both  sides : 
indeed,  a  beautiful  experiment  is  described  by  Faraday,  in  which 
the  chemical  action  of  dilute  sulphuric  acid  on  32*31  parts  (or 
one  equivalent)  of  amalgamated  zinc,  in  a  simple  voltaic  circle, 
was  shown  to  be  able  to  evolve  such  quantity  of  electricity  in  the 
form  of  a  current,  as,  passing  through  water,  could  decompose 
9  parts  (one  equivalent)  of  that  substance  5  thus  rendering  complete 
the  proof  (bearing  in  mind  the  definite  relations  of  electricity) 
*  that  the  electricity  which  decomposes,  and  that  which  is  evolved  by  the 
decomposition  of  a  certain  qua?itity  of  matter,  are  alike.* 

(121)  Secondary  Results. — When  the  material  out  of  which 
the  electrodes  are  formed  is  liable  to  the  chemical  action  of  the 
substances  evolved,  either  simply  in  consequence  of  their  natural 
relation  to  them,  or  of  that  relation  aided  by  the  influence  of  the 
current,  they  then  suffer  corrosion,  and  the  portions  dissolved  are 
subject  to  transference  in  the  same  manner  as  the  particles  of  the 
body  originally  under  decomposition.  Thus  zinc  can  combine  with 
oxygen  and  acid,  and  if  made  the  positive  electrode  it  does  so 
combine,  and  immediately  begins  to  travel  as  oxide  towards  the 
negative  pole.  Charcoal,  if  made  the  negative  electrode  in  a 
metallic  solution,  refuses  to  unite  to  the  bodies  which  are  ejected 
from  a  solution  on  its  surface ;  but  if  made  the  positive  electrode 
in  dilute  sulphuric  acid,  it  is  capable  of  combining  with  the  oxygen 
evolved  there,  and  consequently  unites  with  it,  producing  both 
carbonic  acid  and  carbonic  oxide. 

Again,  if  the  electrodes  employed  to  electrolyze  a  solution  of 
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sulphate  of  soda  be  both  platinum,  the  direct  results  of  the  voltaic 
decomposition  of  the  salt  are  obtained,  because  the  platinum  has  no 
tendency  to  combine  with  either  the  hydrogen,  ©xygen,  acid,  or 
alkali  evolved ;  but  if  platinum  be  the  positive  electrode  in  a 
solution  of  nitrate  or  acetate  of  lead,  then,  instead  of  oxygen  being 
evolved,  peroxide  of  lead  is  deposited  on  the  plate  in  consequence 
of  the  action  of  the  nascent  oxygen  on  the  protoxide  of  lead. 
When  a  compound  yields  imcombined  and  unaltered  at  the 
electrodes  those  bodies  which  have  been  separated  by  the  electric 
current,  the  results  are  considered  as  primari/ ;  but  when  any 
second  reaction  takes  place,  by  which  the  substances  which  appear 
at  the  electrodes  are  not  those  .which  the  immediate  decomposition 
of  the  compounds  would  produce,  then  the  results  are  secondary, 
although  the  bodies  evolved  may  be  elementary.  Thus,  if  solution 
of  ammonia  be  decomposed  by  platinum  electrodes,  nitrogen  appears 
at  the  positive  electrode ;  but  though  an  elementary  body,  it  is  a 
secondary  result  in  this  case,  being  derived  from  the  chemical 
action  of  the  oxygen  evolved  there  upon  the  ammonia  in  the  sur- 
rounding solution.  In  the  same  manner,  when  aqueous  solutions 
of  certain  metallic  salts  are  electrolyzed,  the  metals  evolved  at 
the  .negative  pole,  though  elements,  are  secondary  results,  and  not 
immediate  consequences  of  the  decomposing  power  of  the  current. 
(122)  Crystallizations  and  Becompositions  by  Feeble 
Currents. — By  exposing  different  metallic  solutions  to  the  action 
of  feeble  electrical  currents,  using  electrodes  of  various  nature, 
some  very  interesting  results  were  obtained  by  Becquerel  (Traite 
de  V Electricity,  tom.  iii.  p.  287  e^  seq,)  : — 

Suboxide  of  copper,  in  the  form  of  small  bright  octohedrons  of  a  deep  red 
colour,  was  obtained  by  filling  a  tube  with  a  solution  of  nitrate  of  copper, 
placing  at  the  bottom  some  powdered  protoxide,  and  plunging  into  the  liquid 
a  plate  of  copper.  The  tube  being  then  hermetically  sealed,  the  crystals  made 
their  appearance  in  about  ten  days. 

Crystallized  protoxide  of  lead  was  obtained  by  placing  at  the  bottom  of 
a  tube  some  pulverized  litharge,  and  pouring  over  it  a  slightly  diluted 
solution  of  subacetate  of  lead,  then  plunging  in  a  plate  of  lead  which  was 
equally  in  contact  with  the  litharge ;  the  tube  was  then  hermetically  sealed, 
and  the  surface  of  the  plate  became  gradually  covered  with  crystals  of 
hydrated  protoxide  of  lead. 

Crystallized  oxide  of  zinc  was  obtained  thus:  two  bottles  were  filled,  one 
with  a  solution  of  oxide  of  zinc  in  potash,  and  the  other  with  a  solution  of 
nitrate  of  copper ;  a  communication  was  established  between  them  by  means 
of  a  bent  tube  filled  with  potter*s  clay,  moistened  with  a  solution  of  nitrate 
of  potash ;  a  plate  of  lead  was  immersed  in  the  solution  of  zinc,  and  a  plate 
of  copper  in  the  solution  of  copper.  These  two  plates  were  put  into  metallic 
communication  with  each  other.  The  nitrate  of  copper  was  decomposed  in  con- 
sequence by  the  current  proceeding  from  the  action  of  the  alkali  on  the  lead ; 
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the  oxygen  and  the  nitric  acid  were  transferred  to  the  lead,  and  these 
produced  nitrate  of  potash  and  oxide  of  lead,  which  was  dissolved  in  the 
alkali. 

After  the  experiment  had  been  continued  for  some  days,  small  clear  crystals 
of  oxide  of  zinc  were  found  deposited  on  the  plate  of  lead. 

Chloride  of  silver  was  obtained,  in  the  form  of  translucent  octohedra,  by 
immersing  a  plate  of  silver,  attached  by  a  wire  of  the  same  metal  to  a  piece 
of  charcoal,  in  a  tube  containing  hydrochloric  acid. 

Chloride  of  copper,  and  the  sulphides  of  silver,  lead,  and  fin,  were  also 
obtained  in  beautifully  crystalline  forms  by  a  similar  method  of  experi- 
menting. 

The  attention  of  Becquerel  was  subsequently  more  particularly 
directed  to  those  weak  electrical  actions  which  are  set  up  when 
rocks  and  the  metallic  and  other  substances  which  occupy  mineral 
veins  and  beds,  come  in  contact  with  the  mineral  waters  which 
rise  from  the  interior  of  the  earth.  The  following  experiments, 
among  many  others,  are  described : — 

1.  A  plate  of  amalgamated  zinc  surrounding  a  copper  wire  was  plunged 
into  a  solution  of  silica  in  potash.  After  a  fortnight's  action,  small,  regu- 
lar, octohedral  crystals  of  hydrated  oxide  of  zinc  were  formed  on  the  zinc 
plate. 

2.  A  lead-copper  arrangement  was  substituted  for  the  zinc-copper,  cr^^stals 
of  anhydrous  oxide  of  lead  were  deposited  on  the  lead  plate. 

3.  Lumps  of  galena  were  left  for  several  years  in  solutions  of  chloride  of 
sodium  and  sulphate  of  copper.  The  following  products  were  formed  r— (a) 
chloride  of  sodium  in  cubes  and  other  crystalline  forms  of  great  regularity 
an  I  brilliancy ;  (6)  chloride  of  lead  in  needles  and  cubes ;  (c)  sulphate  of  lead 
in  octohedra;  (d)  chloro'sulphate  of  lead  in  needles;  (e)  basic'chloride  of  lead 
in  microscopic  crystals;  (J")  sulphide  of  copper  black,  but  without  any  ap< 
pearance  of  crystallization. 

Becquerel  thinks  that  similar  reactions  take  place  in  nature : 
rain  water  coming  into  contact  with  mineral  masses  and  veins 
formed  of  metallic  combinations  becomes  charged  with  chloride 
of  sodium,  and  sulphate  of  copper  arising  from  the  decomposition 
of  copper  pyrites;  the  resulting  solutions  coming  into  contact 
w^ith  galena,  react  upon  it  weakly,  and  give  rise  to  the  various 
compounds  above  described. 

By  operating  with  weak  and  long-continued  electrical  currents, 
some  very  interesting  results  were  likewise  obtained  by  Mr.  Crosse. 
Thus,  beautiful  translucent  crystals  of  carbonate  of  lime  were  ob- 
tained over  the  whole  surface  of  a  piece  of  slate  immersed  in  spring 
water  and  connected  with  the  negative  electrode  of  a  sulphate 
.of  copper  battery,  the  platinum  wire  constituting  the  positive 
electrode  being  twisted  round  a  piece  of  mountain  limestone  also 
imimersed  in  tiie  water  j  in  the  same  way  dcdactitic  carbonate  of 
strontia  and  mamillated  carbonate  of  baryta,  and  the  sulphates  of 
strontia  and  bai7ta  in  crystalline  forms,  were  obtained  by  electrify- 
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ing  positively  in  spring  water,  native  carbonates  and  sulphates 
of  strontia  and  baryta;  and  crystals  of  sUicic  acid  were  obtained  by 
electrifying  positively  a  piece  of  solid  opaque  white  quartz  in  a 
solution  of  pure  carbonate  of  potash. 

By  the  following  simple  arrangement,  suggested  by  the  late  Dr. 
Golding  Bird,  fine  crystals  of  copper,  suboxide  of  copper,  and  oxide 
of  zinc  may  be  obtained : — 

A  glass  tube  open  at  both  ends,  about  half  an  inch  in  diameter  and  three 
inches  in  length,  is  closed  at  one  end  by  means  of  a  plug  of  plaster  of  paris 
about  one-eighth  of  an  inch  in  thickness.  The  tube  is  filled  with  a  moder- 
ately dilute  solution  of  nitrate  or  chloride  of  copper,  and  placed  inside  a 
cylindrical  glass  vessel  nearly  filled  with  a  weak  solution  of  potash  or  soda. 
The  leaden  leg  of  a  compound  lead  and  copper  arc  is  plunged  into  the  outer 
cylinder  and  the  copper  leg  into  the  tube.  The  lead  slowly  dissolves  in  the 
alkaline  solution,  and  electric  action  is  set  up :  the  current  traverses  the 
plaster  of  paris  partition,  and  the  oxide  of  copper  (precipitated  by  the  slow 
admixture  of  the  alkaline  solution  with  the  copper  salt)  is  reduced  partly  to 
the  metallic  state,  and  partly  to  suboxide,  both  of  which  crystallize  on  the 
negative  copper  leg  of  the  arc.  If  a  solution  of  oside  of  zinc  in  caustic 
potash  be  substituted  for  the  uncombined  alkali  in  the  larger  vessel,  a  crys-: 
talline  deposit  of  oxide  of  zinc  takes  place  in  about;  eight  or  ten  days  on  the 
lead  or  positive  plate,  while  fine  crystals  of  copper  and  suboxide  are  deposited 
vn  the  copper  or  negative  plate. 

(123)  fileotrolsrtic  Aednotion  of  Metals. — The  electro- 
reduction  of  the  metals  of  the  alkalies  was  originally  accomplished 
by  Davy  with  a  battery  of  100  pairs  of  6-inch  copper  and  zinc 
plates,  but  may  be  effected  with  a  series  of  8  one  cells  of  Grove's 
or  Bunsen's  battery  in  the  following  manner : — 

Let  a  cavity  be  scooped  in  a  piece  of  pure  moistened  caustic  potash  or 
soda,  and  let  it  be  filled  with  mercury :  lay  the  alkali  on  a  strip  of  platinum 
foil  connected  with  the  positive  electrode  of  the  battery,  and  introduce  into 
the  mercury  a  platinum  wire  in  contact  with  the  negative  electrode,  an 
amalgam  of  potassium  or  sodium  with  mercury  will  speedily  be  formed.  In 
like  manner  the  ammoniacal  amalgam  may  be  formed  by  pouring  a  little 
mercury  into  a  hole  scooped  in  a  lump  of  sal-ammoniac,  and  connecting  the 
mercury  with  the  negative  and  the  moistened  sal-ammoniac  with  the  posi- 
tive electrode.  This  is  a  very  striking  experiment,  the  globule  of  mercury 
gradually  increasing  in  size  until  it  extends  far  beyond  the  cavity  which 
first  contained  it  The  amalgam  is  produced  more  rapidly  and  copiously  if 
the  mercury  be  previously  combined  with  a  small  quantity  of  potassium  or 
sodium. 

By  means  of  the  little  apparatus  shown  in  Fig.  1 62,  the  late  Dr. 
Golding  Bird  succeeded  in  obtaining  amalgams  oipotamum,  sodivm, 
and  ammonium,  and  other  metals,  in  a  crystalline  form,  with  the 
feeble  current  firom  a  single  DanielVs  cell  {PhiL  Tram.,  1837)  : — 

A  glass  cylinder  d,  1-5  inch  in  diameter  and  4  inches  in  length,  is  closed 
at  one  end  by  means  of  a  plug  of  plaster  of  paris  07  inch  in  thickness;  the 
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cylinder  is  fixed,  by  means  of  corks,  inside  c,  a  cylindrical  glass  vessel  a, 
about  eight  inches  deep  and  two  in  diameler.  A  piece  of  copper  e,  six 
inches  long  and  three  inches  wide,  having  a  copper  conducting  wire  k  sol- 
dered to  it,  is  loosely  coiled  up  and  placed  in  the  small  cylinder  with  the 
plaster  bottom ;  a  piece  of  sheet  zinc  e  of  equal  size  is  also  loosely  coiled  up 
and  placed  in  the  large  external  cylinder,  being  furnished,  like  the  copper 
plate,  with  a  conducting  wire  /.    The  larger  cylindrical  glass  being  then 


Fig.  T62. 


filled  with  weak  bnne,  and  the  smaller  with  a  saturated  solution  of  sulphate 
of  copper,  the  two  fluids  being  prevented  from  mixing  by  the  plaster  of  paris 
diaphragm,  the  apparatus  is  complete,  and  will  avail  to  give  a  continuous 
current  of  electricity  for  some  weeks,  provided  care  be  taken  that  the  fluids 
in  the  two  cylinders  are  maintained  at  the  same  level. 

The  decomposing  cell  is  the  counterpart  of  the  battery  itself.  It  consists 
of  two  glass  cylinders,  one  within  the  other,  the  smaller  one  g  having  a 
bottom  of  plaster  of  paris  fixed  into  it ;  this  smaller  tube  is  about  half  an 
inch  wide  and  three  inches  long,  and  is  intended  to  hold  mercury  and  the 
metallic  solution  submitted  to  experiment;  the  external  vessel /in  which  it 
is  immersed  being  filled  with  a  weak  solution  of  common  salt.  In  the  latter 
a  slip  of  amalgamated  zinc  t  is  immersed  for  the  positive  electrode,  being  sol- 
dered to  the  wire  coming  from  the  positive  plate  of  the  battery ;  whilst  for  the 
negative  electrode  a  slip  of  platinum  foil  h  fixed  to  the  wire  from  the  zinc 
plate  of  the  battery  passes  through  a  cork  fixed  in  the  mouth  of  the  smaller 
tube,  and  dips  into  the  metallic  solution  which  it  contains.  In  about  eight 
or  ten  hours  the  mercury  becomes  swollen  to  double  its  former  bulk,  and 
when  it  is  quickly  poured  into  distilled  water,  hydrogen  gas  is  evolved  and 
the  water  becomes  alkaline.  The  ammoniacal  amalgam  was  most  easily 
obtained ;  it  had  a  buttery  consistence,  and  when  immersed  in  water,  slowly 
gave  off  hydrogen  gas,  and  yielded  solution  of  ammonia. 

Bird  found  that  the  spongy  ammoniacal  amalgam,  though  it  cannot  be 
kept  immersed  in  water,  even  for  a  few  instants,  without  the  formation  of 
ammonia,  could,  nevertheless,  be  preserved  for  weeks  without  change,  as 
long  as  it  was  connected  with  the  negative  electrode  of  the  battery. 

With  the  same  apparatus,  Dr.  Bird  reduced  the  metals  from  solutions  of 
chloride  or  nitrate  of  iron,  copper,  tin,  zinc,  bismuth,  antimony,  lettd,  and  silver. 
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BUmuthf  lead,  and  «t7rer  were  beautifally  crystalline;  the  latter  of  dazzling 
whiteness,  and  usnally  in  the  form  of  needles.  He  albo  obtained  silicon 
from  a  solution  of  chloride  of  silicon  in  aloohoL 

The  metals  hariuniy  drontiwn,  and  calcium  were  obtained  by 
Bunsen  by  electrolyzing  their  respective  chlorides,  mixed  up  to  a 
paste  with  water  and  a  little  hydrochloric  acid^  at  a  temperature 
of  212°  Fah.,  the  negative  electrode  being  an  amalgamated  plati- 
num wire.  A  crystalline  amalgam  was  thus  obtained  from  which 
the  mercury  was  distilled  off  in  a  stream  of  hydrogen.  Lithium 
was  reduced  from  the  fused  chloride  in  a  porcelain  crucible,  ihe 
positive  electrode  being  a  splinter  of  gas  coke,  and  the  negative  an 
iron  wire,  the  power  employed  being  from  four  to  six  cells  of  the 
nitric  acid  battery.  Magnesium  may  be  obtained  from  the  fused 
chloride.  In  *a  similar  manner,  aluminum  may  be  obtained  from 
a  mixture  of  fused  chloride  of  aluminum  and  sodium.  For  the 
reduction  of  certain  metals,  Bimsen  places  the  liquid  to  be  decom- 
posed in  a  small  porous  cell  standing  in  a  carbon  crucible,  which 
constitutes  the  positive  electrode,  the  negative  being  a  narrow 
strip  of  platinum  dipping  into  the  liquid.  The  whole  is  heated 
over  a  water-bath.  The  metals  chromium  and  tnanganese  may  be 
obtained  in  a  state  of  perfect  purity  by  electrolyzing  in  the  above 
manner  concentrated  solutions  of  their  chlorides. 

(124)  SSleotro-metallarflry.— When  the  circuit  is  completed 
in  a  cell  of  the  sulphate  of  copper  battery  of  Daniell,  the  electrical 
current  passes  freely  through  the  metallic  solution  j  no  hydrogen 
makes  its  appearance  on  the  conducting  plate,  but  a  coating  of 
pure  copper  is  deposited  upon  it.  In  the  discovery  of  this  battery, 
then,  we  find  the  origin  of  the  now  extensive  art  of  electro- 
metallurgy ;  for  it  appears  that  in  his  earlier  experiments  it  was 
noticed  by  Mr.  Daniell  that  on  removing  a  piece  of  the  reduced  copper 
from  a  platinum  electrode,  scratches  on  the  latter  were  copied 
with  accuracy  on  the  copper ;  and  Mr.  De  la  Rue  made  the  ob- 
servation {PhU,  Mag.j  voL  ix.  p.  484),  that  *  the  copper  plate  is 
covered  with  a  coating  of  metallic  copper  which  is  continually 
being  deposited,  and  so  perfect  is  the  sheet  of  copper  thus  formed, 
that  on  being  stripped  off,  it  has  the  polish,  and  even  the  counter- 
part, of  every  scratch  of  the  plate  on  which  it  is  deposited.* 

The  first  practical  applications  of  this  fact  were  made  by  Jacobi, 
of  St.  Petersburgh  (Feb.  1837),  and  by  Spencer  and  Jordan  (1838), 
of  Liverpool. 

The  first  kind  of  apparatus  employed  by  Spencer  was  simply  a 
common  tumbler  to  hold  the  copper  solution,  and  a  gas  glass, 
having  one  end  closed  with  brown  paper  or  plaster  of  pans,  to 
contain  the  saline  solution ;  the  coin  to  be  copied^  and  a  piece  of 
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zinc  the  same  size,  were  attached  to  the  extremities  of  a  piece  of 
copper  wire.  The  gas  glass  being  fixed  in  the  axis  of  the  tumbler, 
the  zinc  was  placed  in  it,  and  the  copper  wire  bent  in  such  a 
manner  as  to  bring  the  coin  immediately  under  it  in  the  copper 
solution.  The  battery  process  was  subsequently  described  by  Mr. 
Spencer,  and  the  method  of  giving  a  conducting  surface  to  non- 
metallic  substances/ by  rubbing  them  over  with  phmibago,  was 
suggested  by  Jacobi,  but  introduced  into  this  country  by  Mr. 
Murray. 

The  single-cell  apparatus  is  shown  in  Fig.  163. 

2  is  a  rod  of  amalgamated  zinc ;  m  the  mould ;  w  the  wire  joining  them ; 
c  the  copper  solution ;  p  a  tube  of  porous  earthenware,  containing  a  solution 
of  the  acid  and  water.  To  put  it  in  action,  the  copper  solution  (which  must 
be  kept  saturated  by  keeping  the  perforated  shelf  well  supplied  with  crys- 
tals of  sulphate  of  copper)  is  poured  in,  the  porous  tube  is  then  filled  with 
acid  water  and  placed  as  in  the  figure,  and  then  the  mould  is  plunged  into 


Pig.  i6j. 


Fig.  164. 


the  copper  solution  and  attached  to  the  zinc  rod.  The  mould  must  not  be 
too  small  in  proportion  to  the  size  of  the  zinc,  and  the  concentrated  part  of 
the  solution  must  not  be  allowed  to  remain  at  the  bottom  or  the  copy  will 
be  irregular  in  thickness. 

Another  form  of  the  single- cell  arrangement,  in  which  neither 
acid  or  mercury  is  used,  is  shown  in  Fig.  164. 

It  consists  of  a  wooden  box  well  varnished  in  the  interior,  and  divided  into 
two  unequal  cells  by  a  partition  of  porous  wood.  The  larger  cell  is  filled  with 
a  saturated  solution  of  sulphate  of  copper,  the  smaller  with  a  half-saturated 
solution  of  sal  ammoniac.  In  the  former  is  a  shelf  containing  a  supply  of 
crystals.    The  zinc  plates  are  pure.    The  action  is  not  equally  quick  with 
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that  resulting  from  the  addition  of  acid,  but  it  will  be  iure,  and,  as  Mr. 
Walker  observes,  failure  more  frequently  results  from  the  power  of  the  bat- 
tery being  too  strong  than  from  its  being  too  weak. 

The  battery  apparatus  is  shown  in  Figs.  165  and  166. 

A  (Fig.  165)  is  a  cell  of  the  sulphate  of  copper  battery;  b  is  the  decom- 
position cell  filled  with  an  add  solution  of  sulphate  of  copper ;  c  a  sheet  of 

Fig.  165. 


copper  connected  with  the  positive  pole  of  the  battery  to  keep  the  solution 
supplied  with  copper  salt ;  m  a  strip  of  metal  connected  with  the  negative 
pole,  from  which  the  moulds  intended  to  receive  the  copper  deposit  are  sus- 
pended by  metal  wires.    To  charge  the  arrangement,  the  solutions  are 

Fig.  166. 


poured  in,  the  wire  z  is  connected  with  the  copper  sheet,  and,  2q»%,  the  wire 
X  with  the  moulds.  The  charging  liquid  is  a  mixture  of  one  part  sulphuric 
acid,  Poparts  of  the  saturated  solution  of  sulphate  of  copper,  and  eight  parts 
of  water. 

When  the  circuit  is  completed,  the  copper  from  the  solution  is  transferred 
to  the  moulds,  and  the  copper  sheet  undergoes  oxidation  and  solution,  thus 
keeping  up  the  strength  of  the  liquid.  Rather  a  longer  time  is  required  by 
this  method  than  with  a  single  cell,  but  two  days  will  produce  a  medal  of 
very  good  substance,  firm  and  pliable.  The  time  required  depends,  however, 
much  on  the  temperatvre. 
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^  In  tbe  arrangement  shown  in  Fig.  166,  six  electrotypes  may  be  taken  off  at 
the  same  time :  a  is  the  battery ;  b  the  troagb ;  z  the  wire  connecting  the 
copper  plate  e  with  the  copper  cell  of  the  battery ;  x  the  wire  connecting  the 
moulds  with  the  zinc  of  the  battery ;  a  a  a  aa  five  bent  copper  wires,  each 
having  a  mould  at  one  end  and  a  piece  of  copper  at  the  other. 

The  following  directions  for  charging  this  troagh  are  given  by  Mr.  Walker 
(^Electrotype  Manipulation) :  *  Connect  the  copper  plate  c  with  the  battery; 
place  a  wire  with  its  extreme  ends  dipping  in  the  extreme  ends  of  the 
trough ;  then,  having  previously  connected  the  zinc  and  mould  with  the 
wire  X,  place  the  zinc  in  the  porous  cell  and  the  mould  in  the  place  at  m ;  in 
about  two  minutes  it  will  be  covered  with  copper.  After  this  there  is  no 
fear  of  chemical  action.  Then  remove  the  end  of  the  copper  wire  from  the 
cell  containing  m,  and  place  it  in  the  next  cell,  complete  the  circuit  with 
the  bent  wire  a,  having  a  mould  at  one  end  and  a  piece  of  copper  at  the  other. 
After  waiting  two  minutes  for  a  deposit  of  copper,  remove  the  end  of  the 
wire  one  cell  further  forward;  and  so  continue  till  the  six  moulds  are 
placed  in.* 

The  advantage  in  point  of  economy  from  using  this  last  form  of 
decomposition  trough  is  apparent^  when  it  is  considered  that  for 
every  attnce  of  copper  released  from  the  solution  in  the  generating 
cell,  one  owwe  will  be  deposited  on  each  mould,  and  about  an 
ounce  of  zinc  will  he  consumed  in  effecting  this.  Whether,  there- 
fore, one,  six,  or  even  twenty  moulds  he  placed  in  series,  the  same 
quantity  of  zinc  will  be  required ;  and  hence  one  ounce  of  zinc  may 
be  made  to  furnish  electricity  enough  to  produce,  according  to  the 
■will  of  the  experimenter,  one  or  six  or  more  medals  each  weighing 
one  ounce.  If  the  solution  he  concentrated,  the  more  slowly  the 
action  takes  place,  the  harder  and  more  crystalline  the  deposit.  By 
modifying  the  power  of  the  battery  and  the  strength  of  the  solu- 
tion, the  deposited  copper  may  be  obtained  of  any  desired  degree 
of  toughness. 

In  Elkington*8  large  depositing  works  at  Birmingham,  the  old 
form  of  "Wollaston  battery  is  principally  employed ;  it  is  worked 
as  a  single  pair.  A  new  battejy  will  work  well  for  four  days, 
and  the  acid  (one  sulphuric  add  and  eight  water)  lasts  about  one 
month.  It  is  reckoned  that  2  lbs.  of  zinc  are  consumed  for  every 
pound  of  copper  deposited.  The  objects  on  which  the  copper  is 
deposited  should  have  the  same  surface  area  as  the  zinc  of  the 
battery.  No  crystals  of  sulphate  of  copper  are  suspended  in  the 
depositing  troughs,  which  are  six  feet  deep,  and  hold  about  1,600 
gallons,  the  liquor  lasts  ^\e  years  without  changing  or  adding 
either  acid  or  sulphate  of  copper.  Particular  attention  is  paid  to  ^ 
the  temperature  both  of  the  battery  room  and  the  depositing  room  -, 
it  is  kept  as  nearly  as  possible  at  60°  Fah. 

To  t^e  impressions  from  medals  or  other  works  of  art  it  may 


Digitized  by 


Google 


224  TOLTAIC   ELECTRICITT. 

be  required  to  copy,  Gore  recommends  (PAarm.  Jonr.^  July  1855), 
a  mixture  of  two  parts  gutta  percha  and  one  part  of  marine  glue ; 
the  materials  are  to  be  cut  up  and  the  glue  melted  at  a  gentle  heat 
and  incorporated  with  the  gutta  percha.  The  paste  is  to  be 
applied  whilst  soft,  with  a  pressure  gradually  increasing,  to  the 
surface  of  the  object  to  be  copied.  Moulds  of  plaster  of  Paris 
must  be  immersed  in  melted  wax  or  tallow  to  render  them  imper- 
vious to  moisture,  and  afterwards  well  covered  with  the  best  black 
lead;  In  all  cases  the  backs  of  the  moulds,  if  the  material  is  a 
conductor  of  electricity,  must  be  coated  with  a  resinous  vamisli  to 
prevent  a  metallic  deposit  from  taking  place  at  those  parts. 

One  elegant  method  of  producing  a  conducting  suiiace  upon 
flowers,  leaves,  fruits,  and  other  delicate  articles,  was  invented  by 
Captain  Ibbetson.  It  consists  in  immersing  them  in  a  weak  solu- 
tion of  phosphorus  either  in  ether  or  in  bisulphide  of  carbon, 
allowing  the  solvent  to  evaporate  from  the  surface,  and  then 
plunging  the  objects  into  a  solution  of  nitrate  of  silver ;  in  this 
way  a  film  of  metallic  silver  is  deposited,  upon  which  the  deposit 
from  the  battery  may  be  received.  If  a  steel  plate  is  to  be  copied, 
it  must  be  electrotyped  in  silver  previous  to  introducing  it  into  the 
copper  solution.  In  the  process  of  dectrozinctng,  which  is  carried 
on  very  extensively,  the  iron  plates,  rods,  or  chains  are  immersed 
in  a  solution  of  sulphate  of  zinc,  and  connected  with  the  nega- 
tive electrode  of  the  battery,  a  plate  of  zinc  forming  the  positive 
electrode :  the  power  required  is  very  small. 

(125)  zaeotro-platinff. — Silver  cannot  be  obtained  in  the  form 
of  coherent  plates  by  electrolyzing  a  solution  of  its  nitrate,  the 
metal  being  deposited  in  a  granular  or  crystalline  form  however 
slow  the  action.  The  same  is  the  case  with  gold  and  platinum 
when  the  chlorides  of  these  metals  are  electrolysed.  In  the  pro- 
oesses  of  electro-silvering  and  electro-gilding,  the  double  cyanides 
of  silver  or  of  gold  with  potassium  or  calcium  are  employed,  the 
positive  electrodes  being  silver  and  gold. 

The  preparation  of  the  argento  and  auro-cyanide  solutions  in 
Elkington's  large  electro-metallurgical  establishment  is  as  follows 
(Napier) : — 

The  best  yellow  prassiate  of  potash  is  well  dried  upon  an  iron  plate,  and 
then  reduced  to  a  fine  powder ;  carbonate  of  potash  is  similarly  treated ; 
eight  parts  of  the  former  are  well  mixed  with  three  of  the  latter.  They  are 
then  placed  in  a  hot  iron  pot  on  the  fire,  and  when  melted  are  covered  and 
allowed  to  remain  for  about  half  an  hour;  the  contents  are  then  poured  upon 
an  iron  plate,  and  form  the  simple  cyanide  of  potassium.  Nitrate  of  silver  is 
next  prepared  and  precipitated  in  the  form  of  cyanide  of  silver  by  the  care- 
ful addition  of  cyanide  of  potassium ;  it  is  well  washed,  and  is  now  dissolved 
in  excess  of  cyanide  of  potassium  to  form  argentO'Cyanide.    A  solution  which 
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contains  one- fiftieth  of  its  weight  of  silver  is  fonnd  to  be  a  conyenient 
strength. 

The  articles  to  be  plated  are  first  boiled  in  potash,  th«n  sconred  with  fine 
sand,  afterwards  pidssed  through  nitric  acid,  and  then  washed  in  boiling 
water.  After  a  few  seconds  of  electric  action,  they  are  bmshed  with  a  scratch- 
bmsh  to  perfect  the  cleaning,  and  are  then  placed  in  the  solution  to  com* 
plete  the  plating,  which  process  is  accomplished  in  fiye  or  six  hours.  After 
this  they  are  burnished. 

Four  cells  of  VVoIlaston's  battery,  the  zinc  plates  being  32  inches  long  and 
16  inches  wide,  deposit  24  oz.  of  silver  per  hour.  If  a  few  grains  of  bisul- 
phide of  carbon  dissolved  in  ether  are  added  to  the  silver  bath  the  metal  is 
deposited  bright,  without  the  bisulphide  it  is  thrown  down  d:ea<f,but  a  care- 
ful management  of  the  battery  is  required ;  if  the  power  be  too  great^the 
effect  is  not  produced,  and  the  deposited  metal  is  apt  to  blister. 

The  magneto-electrical  machine  is  largely  employed  at  Messrs.  Elking- 
ton's  works  instead  of  the  voltaic  battery  for  electro-plating.  From  the 
apparatus  at  present  employed,  17  oz.  of  silver  are  deposited  per  hour. 

The  auro' cyanide  is  not  so  easily  prepared  as  the  aryento-cyanide.  The 
plan  formerly  adopted  was  to  dissolve  oxide  of  gold  in  cyanide  of  potassiumi. 
The  solution  is  now  generally  prepared  by  electrolysis.  A  porous  tube  con- 
taining cyanide  of  potassium  in  solution  is  placed  within  a  vessel  of  a  similar 
solution,  within  the  tube  is  a  gold  pontive  electrode,  within  the  vessel  the 
negative  electrode  is  placed.  The  liquid  is  electrolyzed,  and  the  gold  being 
dissolved  forms  the  gilding  solution,  which  is  removed  from  the  porous  tube 
for  use  when  sufficiently  saturated ;  the  liquid  in  the  outer  vessel  becomes  a 
solution  of  potash.  Electro- gilding  is  conducted  with  a  solution  at  the 
temperature  of  212O  p^h. 

(126)  iKetallo-oliromea, — ^When  acetate  of  lead  is  electro* 
lyzed  under  peculiar  circumstances^  it  gives  rise  to  secondary 
results  of  a  very  beautiful  character :  peroxide  of  lead  is  deposited 
at  the  positive  electrode,  and  by  carefully  regulating  the  th^kness 
of  this  compound  a  series  of  most  magnificent  colours  may  be  pro- 
duced on  a  plate  of  highly  polished  steel.  The  process  recom- 
mended by  Mr.  Gassiot  to  form  these  metallo-chromes  is  this : — 

Fig.  167. 


Pla^  the  polished  steel  plate  in  a  glass  basin  containing  a  dear  solution 
of  acetate  of  lead,  And  over  it  a  piece  of  card  with  some  regular  device  cut 
outf-as  shown  in  Fig.  167.    A  small  rim  of  wood  should  be  placed  over  ths. 
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card,  and  on  that  a  circular  copper  disc  On  contact  being  made  from  ^' 
to  20',  with  two  or  three  cells  of  a  small  constant  batter}*,  the  steel  plate 
being  connected  witii  the  positive  electrode,  -  and  the  copper  disc  with  the 
negative,  the  deposit  will  be  effected,  ai)d  a  series  of  exquisite  colours  will 
appear  on  the  steel  plate.  These  colours  are  films  of  perojrtde  of  lead  thrown 
down  on  the  surface  of  the  steel,  and  the  varied  tints  are  occasioned  by  the 
var^ng  thicknesses  of  the  precipitated  film,  the  light  being  reflected  Ihronglf 
them  from  the  polished  metallic  sarface  below.  Dj  reflected  light  everj* 
prismatic  colour  is  seen ;  and  hy  transmitted  light  a  series  of  prismatic 
colours  complementary  to  the  first  series  appears,  occupying  the  place  of  tke 
former  series.  *i 

The  colours  are  seen  in  the  greatest  perfection  by  placing  the  plate,  .befort 
a  window,  and  inclining  a  white  sheet  of  paper  at  an  angle  of  45^  over  it. 

(127)  fileotrolyiU  of  Salts. — From  kn  elaborate  series  of  ex- 
periments by  the  late  Professor  Daniell  on  the  sulphates  6f  potash, 
soda  and  ammonia^  nitrat«  of  potash^  &c.,  it  appears — 

*  That  in  the  electrolysis  of  a  solution  of  a  neutral  salt  in  water,  a  current 
which  is  just  sufficient  to  separate  singk  equiv€tlent$  of  oxygen  and  hydrogen 
from  a  mixture  of  sulphuric  acid  and  water,  will  separate  single  equival^ts 
of  oxygen  and  hydrogen  from  the  saline  solution,  while  single  equivalents 
of  acid  and  alkali  will  make  their  appearance  at  the  same  time  at  the  respec- 
•  tiye  electrodes.* 

And  further  experiments  showed,  that  when  dilute  snlpburic  acid 
was  used,  there  was  a  transf^t  of  acid  towards  the  Encode  (anode), 
the  (Quantity  scarcely  ever  exceeding  the  proportion  of  one-fourth 
of  an  equivalent  as  compared  with  the  hydrogen  evolved.  Mr. 
Daniell  thought  this  might  possibly  be  owing  to  the  acid  being 
mechanically  carried  back  to  the  platinode  (cathode),  as  in  all 
cases  there  is  a  mechanical  convection  of  the  liquid  from  the 
positive  to  the  negative  pole  (128),  and  this  is  greater  in  pro- 
portion to  the  inferiority  of  its  conducting  power.  If,  however, 
this  deficiency  of  acid  were  owing  to  the  mechanical  re-transfer. 
mechanical  means,  such  as  increasing  the  number  of  dilaphragms, 
would  stop  it;  the  proportion,  however,  was,  even  under  these 
circumstances,  still  maintained.  No  difference  was  observed, 
whether  the  oxygen  was  allowed  to  escape  from  a  platinum  anode, 
or  whether  it  was  absorbed  by  copper  or  zinc,  the  metals,  of  course, 
being  dissolved  in  proportions  equivalent  to  the  hydrogen  developed 
at  the  cathode ;  solutions  of  potash,  baryta,  and  strontia,  similarly 
treated,  exhibited  a  transfer  of  about  one-fourth  of  an  equivalent 
towards  the  cathode.  When  fused  chloride  of  lead  was  included 
in  the  circuit  in  the  place  of  the  voltameter,  the  cathode  being  a 
platinum  wire  and  the  anode  a  piece  of  plumbago,  results  were 
obtained  which  showed  that — 

'  *  The  same  current  which  is  just  sufficient  to  resol  ve  an  equivalent  ot  chloride 
of  lead  (which  is  a  timple  electro  yte  unaffected  b}'  any  associated  composi- 
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iion)  |nt9  it9  ^niyKlent  jSSnsy^rqd^ii^  the  appareot  phenomenon  lof  a  resolui- 
tion  of  water  into  its  elements,  and  at  the  samjO  time  tOf  an  i0qaivalent  of 
aulphate  of  soda  into  its  (Mrozimate  principles.' 

Electrolym  of  Chlorides, — ^A.  weighed  plate  of  pure  tin  was 
made  the  anode  in  a  double  cell  of  pjeculiar  construction^  which 
was  charged  with  a  strong  solution  of  chloride  of*  sodiuni;  and  a 
tube:of  fused  chloride  of  lead  was  inchided  in  "the  circuit.  Not  a 
bubble  of  gas  appeared  on  the  tin  electrode^  and  no  smell  of  chlor^ 
ine  was  .perceptible ;  but  hydrogen  in  equivalent  proportion  to 
the  quantity  of  tin  dissolved  was  gii^en  off  at  the  cathode^  and  the 
cell  contained  an  equiyalent  proportion  of  free  soda ;  one^quivalent 
^of  lead  was  reduced  in  the  voltameter  tube.  Chloride  of  ammo.- 
nium  treated  in  the  same  way  gave  precisely  similar  results,  prov- 
ing it  to  be  an  electrolyte  whose  fdmph  anion  was  chlorine,  and 
whose  compound  cathion  was  nitrogen  with  four  equivalents  of 
hydrogen,  (NH^,  ammomum). 

Electrolysis  of  Sidphate  of  Copper, — ^The  following  experiment 
was  made  by  Professor  Daniell  :— 

A  small  bell  glass,  with  an  aperture  at  the  top,  had  its  mouth  closed  by  . 
tying  a  piece  of  membrane  over  it.  It  was  half  filled  with  a  dilute  solution 
of  caustic  potash,  and  suspended  in  a  glass  vessel  containing  a  strong  solu- 
tion of  neutral  stSl{>hate  of  copper,  below  the  surface  of  which  it  just  dipped.  A 
platinum  electrode  connected  with  the  last  zinc  rod  of  a  large  constant  battery 
(Fig.  137,  p.  175)  of  twenty  cells  was  placed  in  the  solution  of  potash;  and  ^ 
another  connected  with  the  copper  of  the  first^cell  was  placed  in  the  sulphate 
of  copper  immediately  under  the  diaphragm  which  separated  the  two  solu- 
tions. The  circuit  conducted  verj'  readily,  and  the  action  was  verj' energetic^ 
Hydrogen  was  given  off  at  the  cathode,  and  Oxygen  ait  the  anockf  in  the 
sulphate  of  copper ;  a  small  quantity  of  gas  was  also  seen*  to  rise  from  the 
surface  of  the  diaphragm. '  In  about  ten  minutes  the  lower  surface  of  the 
metnbrane  was  found  beautifully  coated  with  metallic  copper,  interspersed 

with  black  oxide  of  copper  and  light  blue  hydrated  oxide. 

'»  lij 

The  explanation  of  these  phenomena  is  this : — 

In  the  experimental  cell  we  have  two  electrolytes,  separated  by  a  mem- 
'brane,  through  both  of  which  the  current  mu^tpass  to  complete  the  circuit. 
The  sulphate  of  copper  (CUSO4)  is  resolved  into  its  compound  anion  (SO4), 
and  its  simple  cathion  (Cu) ;  the  latter  in  its  passage  to  the  cathode  is  stopped 
at  the  surface  of  the  second  electrolyte,  which  may  be  regarded  as  water  , 
imprdved  in  conducting  power  by  potash.  The  metal  here  finds  nothing  b}- 
combining'  with  which  it  can  compete  its  course,  but,  being  forced  to  stop, 
yields  np  its  charge  to  the  hydrogen  of  the  second  electrolyte,  which  passes 
on  to  the  eathockt  and  is  evolved.  The  corresponding  oxygen  stops  also  ^t 
the  diaphragm,  giving  up  its  charge  to  the  anion  of  the  sulphate  of  coppi^r. 
The  copper  and  oxygen,  thus  meeting  at  the  intermediate  point,  partly  enter 
into  combination,  and  form  the  black  oxide ;  but  from  the  rapidity  of  the 
action,  there  is  not  time  for  the  whole  ,to  combine,  and  a  portion  of  the 
coper  remains  in  the  metQlUc  state,  and  a  portion  of  the  gaseous  oxvgen 
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eBCApesi  '  The  predpitAtion  of  blue  hjdrated  oxide  doubtless  arose  ifroot 
a  mixing  of  a -small  portion  of  the  two  solutions. 

Nitrate  of  silver ,  nitrate  of  lead,  protosulphate  of  iron,  mAphate  of 
palladium^  esadi  protmitrate  of  mercury  were  similarlj  treated,  and 
afforded  analogous  results,  somewhat  modified  by  l^e  nature  of 
the  metallic  base. 

Electrolysis  of  BisaUs, — A  strong  solution  of  pure  crystallized 
bisulphate  of  potash  was  made,  and  its  neutralizing  power  caiefully 
ascertained  by  the  alkalimeter.  Evaporation  and  ignition  with 
carbonate  of  ammonia  gave  the  quantity  of  neutral  sulphate  yielded 
by  a  certiKn  measure  of  the  solution.  An  equal  measure  was 
then  placed  in  each  arm  of  the  double  diaphragm  cell  (Fig.  i68), 

Hg.  i68. 


fOi  apparatus  w}iich  Daniell  found  very  useful  in  his  experiments 
on  the  electrolysis  of  secondary  compounds. 

A  and  B  are  two  halves  of  a  stout  glass  cylinder,  accurately  ground  so  as 
to  £t  Into  two  half  cylinders,  which,  when  adjusted,  cover  it  entirely.  The 
two  rims  of  the  ring  are  each  cut  down  to  a  shoulder,  to  admit  of  a  thin  piece 
of  bladder  being  tied  over  them  to  form  a  kind  of  drum.  At  k  is  a  small 
hole  to  admit  of  the  cavity  being  filled  with  a  liquid,  d  and  e  are  two 
stout  bent  tubes  fitted  to  the  two  half  cj'linders,  for  collecting  the  gases 
evolved  in  the  experiments ;  g  and  h  are  two  circular  platinum  electrodes, 
connected  with  the  battery  by  the  wires  t  and  /  The  apparatus,  when 
adjusted,  forms  three  compartments,  each  of  which  tnay  be  filled  with  the 
same  or  a  difierent  liquid,  and  the  whole  supported  on  a  wooden  frame. 

The  voltaic  current  was  passed  through  till  70*8  cubic  inches  (or 
the  quantity  yielded  by  9  grains  of  water)  of  mixed  gaseS  were 
collected;  half  the  solutions  from  the  anode  and.  cathode  were 
then  separately  neutralized,  and  half  evaporated  and  ignited  in  the 
vapour  of  carbonate  of  ammonia.  It  was  then  found  that  the 
anode  had  gained  18  grains,  and  the  cathode  had  lost  19  grains  of 
acid}  of  potash,  the  anode  had  lost  9*9  grains,  and  the  cathode  had 


Digitized  by 


Google 


£LCCTROLTSIS  OF  SALTS.  2:29. 

gained  ah  equal  quantify.  Thus,  though  .  the'  solution  coh- 
ducted  very  well^  not  more  than  oM-fifik  of  an  equivalent  of 
potash  was  transferred  to  the  cathode,  as  compared  with  the 
hydrogen  evolved ;  while  Ad^  an  equivalent  of  acid  was  transferred 
to  the  anode f  a  whole  equivalent  of  oxygen  was  evolved.  On  -this 
experiment  Mr.  Daniell  remarks  :^-^  .... 

*  I  think  we  caniiot  hesitate lo'  admit  that  in  this  case  the  current  divided! 
itself  between  two  electrolytes :  that  a  part  was  conducted  by  neutral  sulphate 
of  potash,  and  a  larger  part  by  the  sulphuric  acid  and. water.  It  is  a  well 
known  fact  that  the  voltaip  current  will  divide  itsdf  between  two  or  more 
metallic  conductors  in  inverse  proportion  to  the  resistance  which  each  may 
offer  to  its  course ;  and  that  it  does  not  in  such  cases  choose  alone  the  part  of 
beat  resistance.  Analogy  would  lead  one  to  expect  a  similar  division  of  a 
current  between  two  electrolytes ;  but  I  am  not  aware  whether  such  a  divi> 
•ion  has  ever  before  been  pointed  out* 

These  considerations  enahle  us  to  explain  the  apparent  anomalies 
in  the  electrolysis  of  dilute  sulphuric  add  and  alkaline  solutions. 
The  results  are  explained  hy  supposing  that  the  solution  is  a 
mixture  of  two  electrolytes.  With  sulphuric  acid  the  component. 
ions  are  H  and  SO4  {sulphionide  of  hydrogen)  f  with  water  they 
are  H  and  O.  The  current  so  divides  itself  that  three  equivalents 
of  water  are  decomposed,  and  one  equivalent  of  sulphiouide  o€ 
hydrogen.  Analogous  changes  occur^  with  the  alkaline  solutions, 
the  alkaline  metal  passing  as  usual  to  the  cathode. 

In  the  electrolytic  decomposition  of  saline  solutions,  the  oxygen 
and  hydrogen  gases,  evolved  are  secondary  products.  In  Faraday's 
experiment  with  sulphate  of  magneeaa  (116),  for  example,  the 
electrolyte  was  sulpkionide  of  magnegium  (MgSO^),  the  simple' 
oathian  magnesium  (Mg)  heing  liberated  at  the  cathode^  and  the 
compound  anion  f^pA^  (80 J  at  the  anode*,  but  sulphion  does 
not  exist  in  a  separate  foi^m^Jt  therefore  takes  hydrogen  from 
water,  and  forms  sulpkionide of  la/drogen,  oxygen  gas  being  evolved' 
at  the  anode.  The  magnesium,  in  like  manner,  decomposes  water, 
taking  oxygen,  with  which  it  forms  magnesia,  which  is  precipitated, 
and  hydrogen  gaJs  escapes  at  the  cathode. 

When  mon^msic  salts  are  electrolyzed,  the  acid  and  base  lire 
liberated  in  single  equivalents ;  but  when  fwlgbasic  salts  are  sub-, 
mitted  to  analysis,  for  each  atom  of  fused  chloride  of  lead  which 
is  electrolyzed  in  the  voltameter,  two  atoms  of  base  appear  at  the- 
oathode ;  but  when  basic  salts  are  decomposed,  two  atoms  of  mono- 
hasie  acid  are  liberated  at  the  anode  for  every  atom  of  chloride  of 
lead  xediiced  in  the  voltameter,  whilst  all  the  atoms  of  base  which 
were  previously  in  combination  with  the  acid  are  liberated  at  the 
l»thode. 

When  tribasic  acetate  of  lead  was  electrolyzed,  the  electrodes 
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being  plates  of  lead;  Miller  (Elements  of  Chemistry,  voL  i.  p.  48*6)^ 
obtained  two  atoms  of  oxide  of  lead,  and  somewhat  leas  than  one 
atom  of  metallic  lead  at  the  cathode^  for  eVery  two  atoms  of  acetic 
acid  which  appeared  at  the  anode^  and  the  explanation  he  gives  is 
this:— 

*  The  oxide  of  lead  is  attached  to  the  normal  acetate  in  a  manner  analogoiis 
to  ^aterof  crystathzation,  amd  the  normal  acetate  is  the  true  electMjrte, 
whilst  the  oxide  is  left  upon  the  electrode  in  an  insoluble  form  as  soon  as' 
the  acid  which  kept  it  in  solution  is  Removed.' 

(t2S)  Sleetrteal  Bndoamos*.  —  Motion  of  Fluids  from  the 
Positive  to  the  Negative  Electrode. — This  phenomenon^  which  was 
first  observed  by  Porrett,  has  been  confirmed  by. Miller,  Wiede- 
mann^  Quincke,  and  Crosse*  The  apparatus  employed  by  Wiede-. 
m!«sm{S{!Umtm'sJoum€dy  Nov,  1852)  consisted  of  a  porous  earthen** 
ware  cell,  closed  at  the  bottom,  and  terminated  above  by  a  glass 
bell,  firmly  cemented  to  the  upper  edge  of  the  cylinder.  Into  the 
tubulure  of  the  bell  a  vertical  glass  tube  was  fitted,  from  which  a' 
horizontal  tube  proceeded  so  as  to  permit  the  fluid  raised  to  flow 
over  into  an  appropriately  placed  vessel ;  a  wire,  serving  as  the 
negative  electrode  of  the  battery,  passed  down  through  the  glass, 
bell  into  the  interior  of  the  porous  cylinder,  where  it  terminated  in 
a  plate  of  platinum.  Outside  the  porous  cylinder  another  plate  of 
platinum  was  placed,  and  connected  with  the  positive  electrode. 
The  whole  stood  in  a  large  glass  vessel,  which,  as  well  as  the 
interior  porous  cylinder,  was  filled  with  water.  The  intensity  of 
the  current  was  measured  by  the  galvanometer.  As  soon  as  the 
circuit  was  closed,  the  liquid  rose  in  the  porous  cylinder,  and  flowed 
out  from  the  horizontal  tube  into  a  weighed  vesseL  Wiedemann's' 
results,  which  have  been  confirmed  by  Quincke,  were : —  s:. 

1.  The  quantity  of  fluid  which  flows  out  in  equal  times  is  directly  propor- 
tional to  the  strength  of  the  current. 

2.  Under  otherwise  equal  conditions,  the  quantilies  of  fluid  flowing  out  are 
independent  of  the  magnitude  of  the  conducting  porous  surface. 

3.  The  height  to  which  a  galvanic  current  causes  a  fluid  to  rise  is  directly 
proportional  to  the  extent  of  the  porous  surface. 

4.  The  force  With  which  an  electric  tension  present  upon  both  sides  bf  a 
section  of  any  given  fluid  urges  the  fluid  from  the  positive  to  the  negative 
side  is  equivalent  to  a  hydrostatic  pressure  which  is. directly  proportional  io 
that  tension. 

The  greater  the  resistance  which  the  liquid  offers  to  electrolyms 
the  greater  is  the  amount  which  is  thus  mechanically  carried  over ; 
thus  Crosse  foimd  that,  when  the  pipe-clay  which  he  employed  in 
his  experiments  was  mixed  with  dilute  sulphurici  acid  instead  of 
distilled  water,  no  water  was  raised  upwards  towards  the  negative/ 
electrode*.  .  ...       .  .     .. 
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CHAPTER  IV. 


TKERMAL    AND    LUMINOUS    EFFECTS    OF    THE  VOLTAIC   PILE.' 

Heat  9nd  Light  of  the  Voltaic  Disraptive  Discharge — Electric  Lamps — 
The  Voltaic  Arc— The  Intensity  of  its  Light  ancl  Heat — ^Laminoua  Dis* 
charge  of  Yoltaic  Batteries  la  Carbonic  Acid  Vacua — Investigations  <^ 
C^assiot.' 


(129)  Thermal  Bffeots.  —  When  a  voltaic  current  passes 
filong  a  metallic  conductor^  lieat  is  developed;  and  if  the  current 
is  greater  than  the  metal  is  able  to  convey,  it  is  fused  and  even 
dissipated  in  vapour.  The  heating  power  of  an  extensive  voltaic 
battery  Is  enormous,  the  most  refractory  substances  succumb  to  it ; 
platinum,  iridium,  and  .titanium,  which  withstand  the  heat  of  the 
most  powerful  furm^ce",  are  readily  fused. 

The  colour  of  the  light  which  attends  the  Voltaic  disruptive 
discharge  varies  with  the  substances  between  which  the  discharge 
passes.  If  thin  metallic  leaves  be  employed,  they  are  de6agrated 
with  c<>naiderable  brilliancy.  The  beautifut  efifects  ii^re  not,  how- 
ever, caused  by  the  bombustion  of  the  metals,  though  in  many 
cases  increased  by  this  cause,  but  arise  from  a  dispersion  of  their 
partides  analogous  to  that  of  the  more  momentary  explosion  of 
the  Leyden  battery^  Gold  emits  a  white  Kght  tinged  with  blue ; 
^ver  a  beautiful  emerald  green  light ;  copper  a 
bluish  white  light,  -with  red  sparks  ,*  lead  a  purple ; 
2me  a  brilliant  white  light,  tinged  with  Ted.  The 
experiments  may  be  performed  by  fixing  a  plate 
of  polished  tinned  iron  to  one  wire  of  the  battery, 
and  taking  up  a  leaf  of  the  metal  on  the  point  of 
the  other  wire,  and  bringing  it  in  contact  with 
the  tin  plate.  Even  under  distilled  water,  the 
disruptive  discharge  of  the  voltaic  battery  takes 
place  in  a  stream  of  brilliant  light.    ' 

To  show  the  power  of  the  voltaic  current  to 
heat  metallic  wire,  about  eighteen  inches  of  the 
wire  may  be  rolled  into  a  spiral  and  placed  in  the 
interior  of  a  glass  tube  (Fig.  169),  its  ends  being 
attadied  to  acrews  so  as  to  be  readily  connected 
with  the  terminal  wires  of  the  battery ;  by  this 
means  a  high  temperature  may  be  communicated 
to  the  glass  tube,  though  the  wire  may  not  ,be  ' 

ignited,  and  by  immersing  it  in  a  small  quantity  of  water,  that 


itg.  169. 


Digitized  by 


Google 


232  VOLTAIC  B^KCTBIi^XT. 

fluid  may  be  speedily  raised  to  the  boiling  point.  When  a  wire 
is  heated  by  the  voltaic  current,  the  temperature  frequently  rLses 
first  or  most  at  one  end ;  but  it  was  shown  by  Faraday  that  this 
depends  on  adventitious  ciicumstances^'and  is  liot  due  to  any  rela* 
tion  of  positive  or  negative  as  respects  the  current. 

The  thermal  effect  of  a  voltaic  current  on  a  metallic  wire 
depends  on  its  conductibility ;  thus  the  current  which  will  fuse 
a  wire  of  iron  or  platinum  may  not  even  render  incandes^nt  a 
wire  of  the  same  length  of  copper  or  silver.  This  is  illustrated 
by  disposing  a  chain  formed  of  alternate  links  of  silver  and  plati- 
num between  the  poles  of  a  battery  (Fig.  1 70)  ;  the  platinum  links 

Fig.  17a 


will  become  red  hot  during  the  passage  of  the  current,  while  the 
alternate  silver  links  will  remain  dark.  The  discharge  which 
passes  freely  along  the  silver  meets  with  sufficient  resistimce  in  the 
platinum  to  produce  ignition.  The  conducting  power  of  a  metal 
is  considerably  diminished  by  heating  it  j  thus  a  wire  that  is  heated 
to  redness  through  its  entire  length  by  a  voltaic  current  may  be 
fused  by  dipping  a  portion  of  it  in  cold  water,  the  effect  of  cooling 
being  to  increase  the  conducting  power  of  the  wire,  which  is  in 
fact  equivalent  to  shortening  the  length  through  which  the  current 
passes.  The  size  of  the  wire  heated  by  a  battery  depends  on  the 
extent  of  the  sulface  of  the  electromotive  elements,  the  length  on 
the  number  of  the  series,  the  quantity  of  electricity  remaining  the 
same.  Faraday  found  that  the  same  quantity  of  water  was  de- 
composed by  a  battery  whether  half  an  inch  or  eight  inches  of  red 
hot  wire  were  included  in  the  circuit,  and  he  observes  that  a 
fine  wire  may  even  be  used  as  a  rough  but  ready  regulator  of  a 
voltaic  current;  for,  if  it  be.  made  paii  of  the  circuit,  and  the 
larger  wires  commimicating  with  it  be  shifted  hearer  to,  or  further 
apart,  so  as  to  keep  the  portion  of  the  wire  in  the  circuit  sensibly 
at  the  same  temperature,  the  current  passing  through  it  will  be 
nearly  uniform. 

There  is  a  striking  difference  between  the  heat  generated  in  a 
platinum  wire  by  a  voltaic  current  according  as  the  wire  is  im- 
mersed in  atmospheric  air  or  in  other  gases.    Mr.  C^rove  caused. 


Digitized  by 


Google 


.XUMINOUS  EFFBGTS.  233 

the  same  current  to  pass  through  two  platinum  wires  of  the  same 
lengthy  one  being  enclosed  in  a  tube  filled  with  oxygen^  and  the 
other  in  a  similar  tube  filled  with  hydrogen^  and  each  immersed 
in  a  separate  vessel  containing  three  ounces  of  water ;  the  wire  in. 
the  oxygen  tube  became  white  hot,  and  in  ^ve  minutes  the  tem- 
perature of  thennrater  rose  from  60^  to  81° ;  the  wire  in  t|ie  hydro- 
gen tube  was  not  visibly  ignited;  and  in  ^Ye  minutes  the  tempera- 
ture of  the  water  rose  from  60°  to  70°  only.  Similar  experiments 
were  made  with  other  gases,  but  none  QEtme  near  to  hydrogen  in 
its  cooling  effect  on  the  wire.  The  amount  of  gas  obtained  in  a 
voltameter  included  in  the  circuit  was  in  some  inverse  ratio  to  the 
heat  developed  in  the  wire;  thus,  when  the  wire  was  surrounded 
with  hydrogen,  77  cubic  inches  of  gases  were  collected,  but  when 
it  was  surrounded  with  oxygen,  6*5  cubic  inches  only,  and  when, 
surrounded  with  nitrogen,  6*4  cubic  inches.  This  remarkable  pro- 
perty of  hydrogen  arises  from  its  fluency,  in  consequence  of  which 
it  exerts  a.  cooling  effect  on  the  wire,  thereby  increasing  its  con- 
ducting power,  and  so  caudng  it  to  evolve  less  heat  during  the 
transmission  of  the  current  than  a  similar  wire  suiTOunded  by  a 
gas  such  as  oxygen,  which  has  not  the  same  degree,  of  fluency. 

While  operating  with  a  powerful  battery  of  160  cells,  Mr. 
Gasfliot  made  the  observation  that  the  wire  connected  with  the 
positive  pole  becomes  much  hotter  than  that  connected  with  the 
negative.  When  the  two  wires  were  crossed,  and  their  ends 
placed  in  two  similar  jars  containing  distilled  water,  in  about  two 
minutes  the  water  in  the  positive  cell  boiled,  that  in  the  other 
presenting  no  such  appearance.  With  this  battery  large  bars  of 
platinum  were  readily  fused,  and  rhodium,  iridium,  and  titanium 
melted  in  considerable  quantities. 

(.i3<^)  Ibumlnons  Bffeota. — Wlien  two  pencils  of  well-burnt 
fc)x-wood  charcoal,  or,  still  better,  that  dense  plumbago-like  sub- 
stance found  lining  the  interior  of  long-used  coal  retorts,  are 
attached  to  the  terminal  wires  of  a  powerful  voltaic  battery, 
brought  into  contact,  and  then  separated,  a  spark  or  flame  of 
surpassing  brilliancy  is  produced  of  an  arched  form,  arising 
from  the  ascensional  force  of  the  heated  air.  This  arc  cannot 
be  obtained  between  the  charcoal  points  until  'after  they  have 
been  brought  into  contact,  and  are  heated  round  the  points  of 
contact.  Mr.  Gassiot  failed  in  obtaining  the  slightest  spark 
before  contact  with  a  battery  of  320  cells.  A  single  fold  of  a 
silk  handkerchief,  or  even  a  piece  of  dry  tissue  paper,  was  sufficient 
to  insulate  the  power  of  the  battery,  though,  after  the  circuit  had 
ence  been  completed,  it  fused  titanium,  and  heated  to  redness 
sixteen  feet  four  inches  of  No.  20  platinum  wire. 
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The ^^AztliBg  light  of  the  Toltaac  arc  ariseafrom  the  transfer  of 
hiiensely  heated  particles  of  carbon  from  the  poeitive  to  the  nega-i 
five  electrode,  and  it  is  especially  sensible  in  vacuo,  A  cavity^ia 
observed  to  be  formed  in  the  point  of  the  positive  charcoal,  prei-' 
senting  the  appearance  of  a  hollow  cone,  into  which  the  solid  cone 
on :  the  negative  terminal  might  penetrate  almost' ^exactly.  Thia 
iB  ^spedally  observed  when  the  disruptive  dischaige  takes  place 
in  vacuoj  no  oxygen  being  then  present  to  bum  portions  of  the 
carbon  during  the  transfer.  •    -'  •  .       ' 

It  is  this  more  rapid  consumption  of  the  positive  than  the  nega- 
tive carbon  which-  has  hitherto  been  one  of  the  chief  difficulties  in 
llie''ftpplicatii[fti'of  the  eldctric  light  to  pliictical  illuminations- 
Numerous  self-acting  regulators^for  the  maintenance  of  a  constant' 
curreht  through  the  carbon  electrodes  have  been  invented.  That^ 
of  L.  J.  Diiboscq,  which  Was  exhibited  at  the  International  Exhi- 
bition of  1862,  is  found  to  answer  excellently  for  experiment^  or 
for  the  lecture-room ;  but  it  is  not  suited  to  lighthouses,  or  fbr 
public  lamps,- because;  if  extinguished  by  any  accident,  it  is  not 
spdiitaneously  relighted. 

The  two  carbon  electrodes  are  fixed  one  over  the  other  on  frames  connected 
by  racks  and  gearing,  so  tbat,  when  the  upper  electrode  descends,  the  lower 
one  rises.  The  wheel  work  is  so  arranged  that  the  relative  motion  of  these 
two  electrodes  shall  be  such  as  to  compensate  for  the  unequal  consumption- 
of  the  positive  and  negative  carbon  electrodes. 

The  light  is  maintained  in  a  constant  position  by  this  arrangement,  which 
would  not  be  the  case  if  only  one  electrode  were  moveable  and  the  other 
fixed,  or  if  the  two  moved  through  equal  distances ;  a  barrel  spring  is  em- 
])loyed  to  drive  the  clockwork  which  moves  the  electrodes.  The  clockwork; 
is  stopped  by  a  detent,  which  gears  with  an  escapement  wheel.  The  detent 
is  connected  with  the  armature  of  an  electro-magnet,  and  allows  one  or 
more  teeth  of  the  escapement  wheel  to  pass  whenever  the  current  is  below' 
a  certain  strength.  Thus  step  by  step  the  carbon  points  are  allowed  to 
approach. 

In  order  to  light  this  lamp,  one  of  the  carbon  electrodes  must  be  brought 
in  contact  with  the  other  by  hand,  and  then  removed  to  a  certain  distance ; 
this  can  be  done  without  interfering  with  the  train  of  wheels.  The  distance 
from  each  other  at  which  the  electrodes  remain,  or  rather  the  strength  of 
current  at  which  the  escapement  wheel  is  freed,  can  be  regulated  by  altering 
the  distance  between  the  electro-magnet  and  its  armature,  and  thus  altering 
the  attraction  between  them  for  a  given  current. 

(131)  Bleetrto  &ampa.  Duboacq's  Lamp,— -A  modification  of 
this  lamp  is  represented  in  Fig.  171,  arranged  to  throw  the  image, 
of  the  carbon  terminals  during  ignition,  by  means  of  a  lens,  on  a 
screen.  It  shows  in  a  beautiful  manner  the  gradual  wearing  away 
of  the  positive  and  the  increi&e  of  the  negative  electrode.  The 
small  globules  or  specks  observed  on  the  charcoal  arise  £nom  the 
fusion  of  the  minute  quantities  of  silica  contained  in  the  coaL' 
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When  the  Voltaic  circuit  £9  established,'  the  negative  carbon  first 
becomes  luminous,  but  the  light  from  the  positive  is  afterwards 
ikuch  the  most  interne;  and  as  this  is  the  terminal  which  wears, 
away,  it , should  be  somewhat  thicker  than  the  other, 

'■■'  •  Fig.  171. 


Holmes^s  Lamp, — ^The  construction  of  this  lamp,  which  the  in- 
ventor uses  in  connection  with  his  magneto-electric  machine,  is 
Very  simple,  but  it  produces  a  very  regular  and  constant  light,  en- 
tirely free  from  flashes.  It  is  thus  described  in  the  Jttrors^  Ileport 
if  Electrical  Instruments  (International  Exhibition,  1862) : — 

f  Two  cords  are  wound  in  opposite  directions  round  two  portions  of  one  shaft 
of  unequal  diameters.  The  cord  from  the  larger  portion  of  the  axis  is  led 
down  under  a  pulley  on  the  frame,  which  carries  the  upper  electrode,  and 
then  up  to  a  lever,  the  functions  of  which  will  be  described  presently.  The 
bight  of  the  cord  under  the  pulley  supports  the  upper  electrode  with  its 
frame.  *Similarly  the  cord  from  the  smaller  part  of  the  axis  is  led  down 
under  a  pulley  on  the  frame  carrying  the  lower  electrode,  and  then  up  to  a 
pin  which  can  be  turned  round  b}'  hand,  so  as  slightly  to  lengthen  or  shorten 
the  cord.  The  bight  of  the  second  cord  supports  the  lower  frame  and 
electrode.  The  upper  frame  would,  if  unchecked,  fall  down,  unrolling  its 
cord  firoih  the  larger  portion  of  the  shaft,  and  consequently  raising  the  loWer 
frame  and  electrode.  The  rise  of  one  and  the  fall  of  the  other  take  place  in 
the  proportion  of  the  diameter  of  the  two  parts  of  the  axis.  This  movement 
is  checked  by  a  detent  gearing  into  a  star  escapement  wheeL  The  armature 
of  an  electromagnet  frees  this  wheel  when  the  current  falls  below  a  given 
strength,  depending  on  the  adjustment  of  an  antagonistic  spring  attached  to 
the  armature ;  a  continuous  feed  is  thus  produced  exactly  similar  to  that 
obtained  from  Duboscq's  lamp.  The  pin  already  mentioned,  by  shortening 
or  lengthening  the  cord  of  the  lower  electrode,  allows  its  height  to  be  adjusted 
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with  ease  and  acentacy,  so  as  to'  bring  the  lig&t  into  the  exact  centre  of  a 
reflector  or  lens  if  necessary. 

*The  lever  to  which  the  one  end  of  the  cord  of  the  upper  electrode  is 
secured  is  so  centred  that  by  slight  rocking  it  lifts  <9r  lowers  the  one  end' of 
the  cord,  and  consequently  the  whole  frame  or  electrode.  This  motion  is' 
confined  within  small  limits  by  stops.  A  weight  on  the  other  end  of  the 
rocking  lever  nearly  balances  the  weight  of  the  upper  frame;  and  an 
armature  attached  to  this  weight  hangs  immediately  over  a  second  electro- 
magnet. When  no  current  circulates  through  the  lamm  the  weight  of  the 
frame  and  electrode  overbalances  the  counterpoise,  the  armature  is  lifted 
from  the  second  electro-magnet,  and  the  end  of  the  lever  carrying  the  cord 
falls,  lowering  the  upper  electrode;  but,  when  the  current  is  passing,  the 
armature  of  this  electro-magnet  is  attracted,  and,  with  the  aid  of  the  counter- 
poise, pulls  down  one  end  of  the  rocking  lever,  lifting  the  cord  and  con- 
sequently the  upper  electrode.  The  first  electro-magnet  then  works  the 
detent  regulating  the  continuous  feed.  If  the  current  fail  for  an  instant — if, 
for  instance,  the  light  be  blown  out — ^the  armature  of  the  second  magnet 
flies  op,  the  upper  electrode  falls  into  contact  with  the  lower,  re-establishes 
the  current,  and  again  is  drawn  up  to  the  original  distance,  so  that  the  lamp 
is  re  lighted.' 

Other  forms  «f  electric  lamp  liave  been  contrived  by  Jaspar, 
Gressler,  Murray  and  Heath,  and  others,  for  descriptions  of  whicb 
we  must  refer  to  the  Jurors^  Repwt  above  alluded  to.  The  cost, 
however,  of  the  electric  power,  the  intensity  of  the  light,  and  the 
difficulty  of  producing  an  uniform  illumination,  have  hitherto  been 
insurmountable  barriers  to  the  application  of  the  electric  light  to 
the  purpose  of  general  illumination. 

-  By  using  600  cells  of  Bunsen's  carbon  battery,  Despretz  obtained 
a  voltaic  arc  7*8  inches  in  length. 

(132)  Zntenslty  of  tbe  l^ight  of  tbe  Voltaie  Are.— This  has- 
been  examined  by  Casselmann  (Pogg.  Ann.,  Ixiii.  576).  The  in- 
tensity of  the  light  was  measured  by  a  Bunsen^s  photometer,  and 
the  strength  of  the  current  by  a  tangent  galvanometer,  and  ex- 
pressed in  chemical  units. 


. 

Distance  between 
charcoal  points 

Strength  of 
current 

Intensity  of 
light         1 

Crude  charcoal       ^    •    • 

Charcoal  saturated  with 

nitrate  of  potassium 
Charcoal  saturated  with 

caustic  potash .... 
Charcoal  saturated  with 

chloride  of  zinc    .    .    . 
Charcoal  saturated  with 

borax  and  sulphuric  acid 

Milllmeties 
/          05 
1         4*5 

1         1-5 
I         5-0 

II 

120 
88 

lOI 

82 
80 
67 

93* 
139 

353 
274 
150 

75  '^     ' 
624        1 

»59 

165 
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The  advuntage  gained  by  saturating  the  carbon  terfninals  with 
saline  solutions  consisted  in  obtaining  a  more  voluminous  and  a 
steadier  light  than  could  be  obtidned  from  crude  charcoal,  tinged 
however  with  colours  corresponding  with  the  solutions  employed^ 
The  numbers  in  the  table  demonstrate  a  diminution,  both  in  the 
strength  of  the  current  and  in  the  intensity  of  the  light,  in  propor- 
tion as  the  distance  between  the  terminals  is  increased.  According 
to  the  experiments  of  Fizeau  and  Foucault,  the  intensity  of  the 
voltaic  arc  produced  by  46  pairs  of  Bunsen's  nitric  acid  battery  is 
34  times  as  great  as  that  of  the  oxy-hydrogen  light  They  obtained 
iiom  80  elements  in  series,  very  little  greater  intensity  than  from 
46  elements ;  but,  when  the  plates  were  so  arranged  as  to  form 
fewer  elements  of  larger  size,  a  great  increase  in  the  intensity  w«9 
obtained.  According  to  Bunsen,  the  intensity  of  the  light  between 
carbon  electrodes  a  quarter  of  an  inch  apart,  from  48  couples  of  his 
battery,  is  equal  to  that  of  572  candles. 

(133)  ZnHneiiee  of  MaffnetUm  ob  tlie  Voltaic  Arc. — It  was 
first  observed  by  Davy  that  a      • 

powerful  magnet  acts  on  the  vol-  Fig.  171.  rig.  173. 

taic  arc  as  upon  a  moveable  con- 
ductor traversed  by  the  electric 
current.  It  attracts  and  repels  it, 
and  this  attraction  and  repulsion 
manifests  itself  by  a  change  in 
the  form  of  Hie  arc,  which  may- 
even  become  broken  by  too  great 
an  attraction  or  repulsion.  Fig. 
172  represents  the  voltaic  flame 
between  two  cylinders  of  plum-  . 

bago,  and  Fig.  173  the  curved  form  which  it  assumes  under  the 
influence  of  a  magnetic  pole. 

De  la  Rive  found  that  the  arc  could  only  be  formed  between  two  mag- 
netized iron  electrodes  when  they  were  brought  very  close,  and  then  in  the 
form  of  noisy  sparks,  as  if  the  transported  particles  of  iron  disengaged  them- 
selves with  difficulty  from  the  positive  electrode.  When  a  platinum  plate 
was  placed  upon  one  of  the  poles  of  a  powerful  electro-magnet,  and  made  the 
negative  electrode,  a  point  of  platinum  placed  vertically  above  it  being 
made  the  positive  electrode,  a  sharp  hissing  sound  was  heard ;  this  was  not 
the  case  when  the  electrodes  were  reversed,  but  then  the  luminous  arc  no 
longer  maintained  a  vertical  direction,  but  was  projected  outwards  towards 
the  edge  of  the  plate;  it  was  incessantly  broken,  and  sounds  similar 
i;o  the  discharge  of  a  Leyden  jar  were  produced.  When  two  copper  points 
were  made  the  electrodes  while  under  the  influence  of  a  powerful  electro- 
magnet, and  the  battery  power  intense,  the  sound  produced  was  so  loud  as 
'   to  bear  a  resemblance  to  distant  discharges  of  musketry. 

Jhe  magnet  appfcars  to  cause  these  effects  by  producing  a  clunge  in  the 
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moIeouTar  institution  of.  the  patter  of  the 'electrode,'Qr  rathi^r  of  the  bighly 
diffused  matter  whicii  forma  the  voltaic  arc  ;  " 

(134)  Sonifd*  prQaiiQo4  In  MetalUo  Wires  by  itbe  Passaffe 
pf  a  Voltaic  Current  tbronffb  or  round  Uiom-.^Bars  of  wan, 
tm^  zinc,  hismuih,  and  even  of  lead,  emit  distinct  sounds  when 
traversed  by  a  current  from  five  to  ten  pairs  pf  the  nitric  acid 
battery,  whilst  resting  on  the  poles  of  an  electro-magnet ;  copper ^ 
platinum,  and  sili}er  bars  do  the  same^  and  mercury,  and  even  dilute 
sulphuric  acid  and  a  solution  pf  common  salt  enclosed  in  tubes  of 
glass,  emit  sounds  under  similar  conditions! 

For  experiments  on  the  sounds  produced  in  metallic  wires  b^- 
^he  passage  of  a  voltaic  current  through  or  round  them,  a  soimding- 
board  may  be  employed,  on  which  the  wires  or  jrods  are  kept  in  a 
^tate  of  tension  by  a  weight ;  the  electric  current  may  be  sent 
through  the  wire,  or  through  helices  of  copper,  wire  surrounding 
but  not  touching  them.  The  current  must  not  be  continuous,  but 
broken  at  regular  intervals.  The  sound  of  a^well  annealed  iron 
wire,  which  far  surpasses  that  emitted  by  any  other  metal,  is  very 
strong,  resembling  the  sound  of  church  bells  in  the  distance. 
De  la  Hive  suggests  that  it  might  perhaps  be  advantageously 
employed  in  the  electric  telegraph. 

The  vibratory  motion,  which  results  from  the  magnetization  and 
demagnetization  of  soft  iron  by  the  electric  current  is  shown  by 
the  following  experiment : — 

In  the  interior  of  a  bobbin,  or  a  bottle  surroanfied  with  a  wire  rolled  into 
a  helix,  are  placed  some  very,  small  discs  or  filings  of  iron ;  when  a  broken 
current  is  caused  to  traverse  the  wire  of  the  helix,  the  discs  or  filings  are 
seen  to  be  agitated,  and  to  revolve  round  each  other  in  the  most  remarkable 
manner,  the  filings  having  the  appearance  of  being  In  ebullition.  If  the 
current  be  intense,  tbey  dart  in  the  form  of  jets  like  so  many  fountains.  The 
motion  of  the  filings  is  attended  with  a  noise  similar  to  that  of  a  liquid  when 
it  is  boiling. 

.    To  exhibit  the  heating  power  of  the  voltaic  arc,  a  small  cavity 
should  be  bored  in  the  positive  gas-coke  electrode. 
Pig.  174.  which  serves  as  a  crucible  (Fig.  174);  into  this 

■■.  the  metal  to  be  operated  upon  iB  placed,  and  the 

|B  current  is  transmitted  from  a  battery  of  twenty 

^^y  or  thirty  cells  of  the  nitric  acid  battery.    The 

JBr  metals  are  not  only  fused,  but  are  actually  con- 

.  IH  verted  into  vapour  and  disappear, 

J9L|^^  (i  3  5)*  Xinminons  I>lseliarre  of  Voltale  Ba^ 

fl^^BH-^     terlos   in  Carbonic  Acid  Vacua.— The   best 
^^^^^^       vacuum  procurable  by  the  air-pump  is  still  im- 
perfect, and  even   in   the  Torricellian  vacuum 
matter  is  present  in  the  form  of  highly  attenuated  mercurial  vapour. 
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Mr.  Gasedot,  desirmg  -to.  study  the  efiects  of  electric  discbarge 
;tliroagh  the  most  perfect  medium  thf^t. could  be  procured,  availed 
h^iself  (Phil.  Trans.,  vol.  cxlix.  p.  147)  of  the  powerful  affinity  of 
caustic  potash  for  carbonic  acid,  and  with  the  assistance  of  Pro- 
fessor Frankland  prepared  tubes  which  could  be  filled  with  pure 
carbonic  acid  gas ;  then  exhausted  by  means  of  an  air-pump ;  and  • 
finally  the  small  portion  of  carbonic  add  still  remaining  absorbed 
by  sticks  of  caustic  potash.  Several  such  tubes  were  provided, 
lliey  were  generally  about  6  inches  long  and  i  inch  in  diameter ; 

Fig.  175. 


some  were  furnished  with  gas-coke  electrodes  in   the  form  of 
balls  }  inch  in  diameter,  attached  to  hermetically  sealed  platinum 

Mg.  176^ 


"N^ 


t J 


wires,  protected  by  glass  tubing  as  far  as  the  balls,  placed  about 
3  inches  apart^  others  with  copper  and  platinum  electrodes ;  others 


I1g.i77« 


< 


£> 


were  alsq  constructed  in  which  the  narrow  part  of  the  tube  con- 
taining the  caustic  potash  was  sealed  off.  On  connecting  the  ter- 
minals of  a  water  battery  of  3  520  elemeUts  (102)  with  the  electrodes 
in  any  of  these  tubes,  stratified  discharges  were  obtained,  which 
appealed  to  be  continuous,  but  which  entirely  ceased  when  the 
potash  was  heated.    In  one  of  these  tubes  the  luminous  discharge 
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assumed  the  appearance  shown  in  Fig.  178.  With  a  batteiy  of 
511  series  of  Daniell's  elements  (zinc  and  copper  insulated),  the 
negative  hall  was  surrounded  with  a  brilliant  glow/  without  any 


Pig.  178. 


Fig.  179. 


stratification,  as  shown  in  Fig.  179;  the  luminosity  round  the 
positive  coke  being  feeble  with  a  battery  of  400  series  of  Grove's 
elements.  The  dischai^  through  a  vacuum  tube  24  inches  long  and 
1 8  inches  in  circumference,  one  of  the  electrodes  being  a  copper 
curved  disc  4  inches  in  diameter,  and  the  other  a  brass  wire, 
passed  with  a  display  of  magnificent  strata  of  the  most  dazzling 
brightness. 

*  On  the  copper  plate  there  waa  a  white  layer,  then  a  dark  space  aboat  one 
inch  broad ;  then  a  bloish  atmosphere,  curved  like  the  plate,  evidently  three 
negative  envelopes  on  a  great  scale.  When  the  plate  was  positive  the  effact 
was  comparatively  feeble.' 

Through  a  vacuum  tube  6  inches  long  and  i  inch  in  diameter, 
with  the  tube  containing  caustic  potash  attached,  and  carbon  ball 
electrodes,  intense  heat  was  produced,  the  discharge  presenting  a 
stream  of  light  of  intolerable  brightness,  in  which,  when  viewed 
through  a  plate  of  green  glass,  strata  could  be  observed.     This 

Fig.  180. 


soon  changed  to  a  sphere  of  light  on  the  positive  ball,  which  became 
red  hot,  the  negative  being  surrounded  by  magnificent  envelopes. 


Fig.  181. 


On  applying  a  horseshoe  magnet,  the  positive  light  was  drawn  out 
mto  strata,  the  needle  of  a  galvanometer  in  the  circuit  was  violently 
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deflected,  and  its  polarity  reversed,  settling  at  a  deflection  of  45® 
On  heating  the  potassa,  iJie  discliarge  again  burst  into  a  sunlight 
flame ;  and  as  the  heat  was  still  further  increased,  four  or  five  cloud- 
like and  remarkably  clear  strata  came  out  from  the  positive  ball ; 


Fig.  i8x. 


and  these  were  quickly  followed  by  a  sudden  discharge  of  the  most 
dazzling  brightness,  which  remained  for  several  seconds. .  The  strati- 
Fig.  i8j. 


T 


r 


fications  were  conical  in  shape,  as  depicted  in  Fig.  183.  The  needle 
of  the  galvanometer  was  suddenly  and  violently  deflected.  At  the 
instant  that  this  stratifled  discharge  took  place,  there  was  intense 
chemical  action  in  the  battery^  denoted  by  the  evolution  of  nitrous 
fames. 

With  a  tube  with  brass  electrodes,  the  discharge  did  not  appear 
mitil  the  caustic  potassa  was  heated,  when  the  most  dazzling  strata 
were  observed,  ^  I  had  to  use  a  dark-green  glass  to  examine  the 
strata,'  says  Dr.  Eobinson.  ^  As  I  was  observing,  the  last  strata 
rolled  leisurely  away,  like  a  globe  of  light,  from  the  others  to  the 
negative  glow,  in  which  it  appeared  to  dissolve.  As  the  potassa 
cooled,  the  strata  shrunk  up  and  dissolved  at  the  positive  wire,  as 
did  the  glow ;  and  when  the  dark  negative  reached  the  point,  all 
lominosity  ceased.' 

(136)  ]>UraptlTe  BUcbar^e  before  Contact.— In  the  course 
of  these  experiments,  it  was  ascertained  by  Mr.  Gassiot  that  a  dis-^ 
ruptive  or  spark  discharge  could  be  obtained  in  air  from  the 
ni^c  acid  battery  as  well  as  from  the  water  battery,  and  that 
when  these  discharges  were  passed  through  the  highly-attenuated 
matter  contained  in  carbonic  acid  vacua,  the  same  luminous  and 
stratified  appearance  was  produced  as  by  an  inductive  coil — u  proof 
that  whatever  may  be  the  cause  of  the  phenomenon,  it  could  not 
arise  from  any  peculiar  action  of  that  apparatus.    When  the  calls 
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of  the  battery  are  not  insulated,  no  luminous  discharge  can  be 
obtained  until  the  circuit  has  been  completed,  and  the  terminals 
then  separated.  Upon  this  the  arc  appears,  the  length  and 
brilliancy  of  which  depend  on  the  nuriiber  of  elements  of  the 
battery.  With  400  carefully  insulated  cells,  Mr.  Gassiot  obtained 
^ark  discharge  before  the  circuit  was  completed,  the  spark  changing 
to  an  arc  of  great  brilliancy  by  a  momentary  completion  of  the 
circuit.  With  the  water  battery  of  3, 5 20  elements,  not  the  slightest 
appearance  of  an  arc  discharge  could  be  obtained,  but  a  continuous 
stream  of  spark  discharges  took  place  between  the  terminals,  until 
the  water  in  the  cells  had  nearly  evaporated. 

When  the  discharge  from  the  nitric  acid  battery  between  carbon 
electrodes  in  the  carbonic  acid  vacuum  tubes  was  disruptive^  the 
needle  of  the  galvanometer  was  only  slightly  affected,  and  no 
chemical  action  could  be  observed  in  the  battery  ,•  but  the  instant 
that  arc  discharge  took  place,  there  was  violent  deflection  of  the 
galvanometer,  and  strong  indications  of  chemical  action  in  the  cells 
of  the  battery.  Arc  discharge  could  always  be  produced  by  heat- 
ing the  caustic  potassa.  This  appeared  to  facilitate  the  discharge, 
and  to  assist  in  the  disintegration  of  the  carbon  particles.  It  is 
thes€l  carbon  particles  which  produce  the  arc  discharge  and  the 
brilliant  light. 

It  is  Mr.  Gassiot's  opinion  that  the  stratified  discharge  arises 
from  the  impulses  of  a  force  acting  on  highly-attenuated  but  re- 
sisting media ;  and  he  concludes  that  the  ordinary  discharge  of  the 
voltaic  battery  under  every  condition  is  not  continuous,  but  inter- 
mittent, and  that  it  consists  of  a  series  of  pulsations  or  vibrations, 
of  greater  or  less  velocity,  according  to  the  resistance  in  the  chemical 
or  metallic  elements  of  the  battery,  or  the  conducting  media  through 
which  the  discharge  passes.  (Proceedings  of  the  JRoyal  Society^ 
vol.  X.  p.  404.) 

(137)  rurtber  Investigrations  of  Oassibt. — The  stratified 
appearance  produced  in  carbonic  acid  vacua  by  an  extended  series 
of  the  water  battery,  and  the  effects  obtained  by  varying  the  re- 
sistance, have  been  further  investigated  by  Mr.  Gassiot  {Proc, 
Royal  80c.,  Dec.  11,  1862).  When  the  discharge  is  taken  be- 
tween two  small  balls  of  coke,  i  J  inch  apart,  in  a  carbonic  acid 
vacuum  tube,  2  J  inches  long  and  i  inch  in  diameter,  luminous 
glows  are  observed  on  both  balls ;  that  on  the  negative  being  larger 
and  more  brilliant  at  intervals,  as  flash  discharges  take  place,  but 
in  the  dark  discharge  between  the  balls  no  striae  can  be  seen. 
When,  however,  a  resistance  of  about  3  inches  of  water  is  intro- 
duced in  the  circuit,  the  discharge  assumes  a  narrow  stratified  ap- 
pearance )  it  is  now  intermittent,  being  separated  when  examined 
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by  the  reTolving  mirror  into  a  series  of  discharges.  By  vailing 
the  resistance,  the  character  of  the  discharges  could  be  yaried,  and 
rendered  either  stratified  and  intermittent,  or  bright  and  con- 
tinuous. 

The  discharge  from  the  entire  battery  of  3,360  cells  charged 
with  salt  and  water,  between  two  aluminium  balls  three-eighths  of 
an  inch  in  diameter  and  3  inches  apart,  in  a  vacuum  tube  about 
5  inchfes  long,  is  of  dazzling  brilliancy,  exhibiting  12  or  14  striae, 
that  nearest  the  negative  ball  being  truncated  and  of  a  pale-green 
colour. 

When  a  resistance  of  36  inches  of  water  is  interposed  in  the 
circuit,  a  faint  luminous  discharge  is  observed  at  each  ball  j  as  the 
resistance  is  lessened,  the  two  luminous  discharges  appear  to 
travel  towards  or  attract  eaeh  other.  When  the  resistance  is  .dimi- 
nished to  3  3  inches,  a  single  clearly-defined  luminous  disc  bursts 
from  the  positive,  and  remains  steady  and  apparently  fixed. 


Fig.  184. 


The  resistance  being  diminished  to  23  inches  of  water,  the  lumi- 
nous discharge  at  the  positive  slowly  progresses  along  the  tube 
until  a  second  bright  disc  appears  and  remains  stationary.  The  re- 
sistance being  diminished  to  20  inches  of  water,  a  third  disc  is 
developed  j  18  inches  of.  water  resistance  brings  out  9,  fourth  disc  j 
14  inches  9l fifth ;  1 1  inches  a  sixth ;  7  inches  a  seventh,  the  nega- 
tive glow  increasing  in  brilliancy,  and  having  a  flattened  appear- 
ance ;  with  3  inches  of  water  resistance  an  eighth  disc  is  obtained. 
When  tbe  resistance  is  still  further  lessened,  three  or  four  more 
discs  come  out  in  quick  succession ;  the  whole  discharge  becomes 
unsteady,  and  the  luminous  discs  are  no  longer  fixed;  some  of 
these  remarkable  phenomena  are  illustrated  in  Fig.  185.  When  a 
tube,  3  inches  long  and  i  inch  in  diameter,  provided  with  very 
thin  platinum  electrodes  five-eighths  of  an  inch  apart,  was  em- 
ployed, no  discharge  passed  tiU  the  potash  which  it  contained  was 
heated,  when  a  faint  luminosity  appeared,  and  immediately  after- 
wards one  and  then  two  cloudlike  striae  came  from  the  positive 
wire,  while  round  the  negative  a  large  brilliant  glow  wflHs  ipro- 
duced;  as  the  discharge  continued,  the  negative  wire  became  red- 
hot. 
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In  thiB  etperiinent  a  proof  is  obtained  that  the  discharge  will 
not  pass  in  a  very  perfect  vacuum,  the  presence  of  a  certain 
amount  of  matter  being  indispensable,  and  then  heat  is  developed. 

Fig.  185. 


The  Ibrm  of  the  strisB,  and  the  positions  they  occupy  in  the 
vacuum  tube,  appear  to  depend — ist,  on  the  power  or  energy  of  the 
battery ;  andly,  on  the  state  of  tension  of  the  highly-attenuated 
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matter  throngh  which  the  discharge  is  visible.  The  strisB  can  be 
controlled,  their  number  increased  or  reduced,  and  their  places  and 
positions  in  the  tubes  altered,  by  the  introduction  of  a  measurable 
amount  of  resistance  in  the  circuit ;  and  thus  they  appear  to  indi- 
cate the  amount  of  force  of  tension  which  exists  in  a  dosed  circuit  of 
the  battery,  as  the  divergence  of  the  gold-leaves  of  an  electroscope 
denotes  the  evidence  of  tension  before  the  circuit  is  completed. 

'May  not/  enqaires  Mr.  Gssaiot,  'the  dark  bands  be  the  nodet  ofvndula* 
tion,  arising  from  impulses  proceeding  from  positive  and  negative  discharges, 
analogous  with  the  stationary  undulations  which  »exist  in  a  column  of  air 
when  isochronous  progressive  undulations  meet  each  other  from  opposite 
directions,  and  on  the  surface  of  water  by  mechanical  impulses  similarly 
interfering  with  each  other?  or,  can  the  luminous  stratifications  be  the 
representations  of  pulsations  which  pass  through  the  battery,  impulses  pos* 
sibly  generated  by  the  action  of  the  discharge  along  the  wires?  * 

(138)  Beat  developed  at  the  Poles  of  a  Voltalo  Battery 
durtnr  the  PaMaye  of  Xtuminoiui  ^ischariree  In  Air  and  In 
Vaeno. — The  curious  facts— ^r«^,  that  when  the  arc  discharge 
takes  place  between  two  wires  attached  to  the  terminal  plates  of 
an  extended  series  of  the  voltaic  battery,  the  positive  electrode 
becomes  red-hot,  and  ultimately  fuses,  whilst  the  negative  elec- 
trode remains  comparatively  cool ;  and,  sedondbfy  that  when  the 
discharge  from  an  induction  coil  is  taken  in  air  or  in  vacuo,  it  is 
the  negative  terminal  that  is  most  heated,  were  discovered  by 
Gassiot,  the  former  in  1838  and  the  latter  in  1858. 

In  a  paper  communicated  to  the  Royal  Society  (June  12,  18*61), 
he  investigates  these  phenomena  more  closely.  When  a  vacuum 
tube,  3  inches  lon^  and  i  inch  in  diameter,  provided  with  carbon 
ball  electrodes,  one-eighth  of  an  inch  in  diameter  and  i  inch  apart, 
is  introduced  into  the  circuit  of  400  cells  of  the  nitric  acid  battery, 
each  cell  being  separately  insulated,  the  discharge  at  first  lilways 
assumes  the  form  shown  in  Fig.  179  ;  the  negative  carbon  being  sur- 
rounded with  a  luminous  glow,  which  gradually  increases  in  size 
until  the  baU  becomes  red-hot.  When  the  carbon  ball  electrodes 
are  replaced  by  balls  of  aluminium,  the  negative  metal  soon  drops 
off  in  a  molten  state,  ik^  positive  ball  retaining  its  original  metallic 
lustre. 

In  two  of  the  vacuum  tubes  hollow  brass  balls  were  substituted 
for  those  of  carbon.  The  negative  ball  soon  became  heated  by  the 
discharge.  On  a  sudden,  a  flash  of  light  was  visible  in  the  vacuum, 
and  the  glass  became  instantly  coated  with  metal.  On  examining 
the  tube,  it  was  found  that  one-half  of  the  negative  ball  wa3 
separated  from  the  rest  and  partly  fused:  the  intense  heat  had 
vaporised  the  silver  with  which  the  two  hemispheres  forming  the 
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ball  had  been  soldered,  and  it  was  this  vaporised  metal  that  was 
deposited  on  the  sides  of  the  tube. 

On  repeating  this  experiment  the  negative  ball  became,  as  before, 
red-hot ;  suddenly  a  brilliant  stratified  discharge  took  place,  con- 
tinuing for  three  or  four  seconds;  the  negative  ball  instantly 
losing  its  luminosity,  and  the  positive  becoming  red-hot,  and 
remaining  so  for  two  or  three  seconds  after  the  circuit  of  the 
battery  had  been  broken.  At  the  moment  that  the  stratified  dis- 
charge took  place  the  evolution  of  nitrous  fumes  denoted  intense 
action  in  the  battery. 

It  appea]rs  then  that  as  long  as  the  intemUUent  discharge  con- 
tinues, resistance  takes  place  at  the  negative  terminal,  and  that 
this  is  the  cause  of  its  being  the  most  strongly  heated ;  as  soon, 
however,  as  the  action  of  the  battery  becomes  sufficiently  energetic, 
arc  or  continuous  discharge  takes  place,  and  then  the  positive  ter- 
minal becomes  most  heated. 

The  conclusion  drawn  by  Mr.  Gassiot,  from  these  and  many  other 
similar  experiments,  is  '  that  the  development  of  heat  either  at  the 
positive  or  the  negative  pole  of  the  voltaic  battery  is  entirely  due  to 
the  amount  of  resistance  which  takes  place  in  that  part  of  the  battery 
circuit,^ 

(139)  Zatemaption  of  tbe  Voltaio  Bisoharire  in  Vacuo  by 
BSaynetic  Voroe. — The  following  beautiful  and  striking  results 
were  obtained  by  Mr.  Gassiot  with  400  cells  of  the  nitric  acid 
battery  {Broc.  JRoyal  Soc.,  vol.  x.  p.  269)  : — 

A  large  tubular  vessel,  24  inches  long  and  6  inches  in  diameter  at  its 
widest  part,  was  filled  with  carbonic  acid  and  exhausted,  the  last  portions  of 
gas  being  absorbed  by  caustic  potash ;  through  each  end  of  the  vessel  plati- 
num wires  pass ;  to  one  was  attached  (inside  the  vessel)  a  concave  copper 
plate  4  inches  in  diameter,  and  to  the  other  a  brass  wire.  This  receiver 
was  connected  with  the  battery,  and  placed  between  the  poles  of  a  powerful 
electro-magnet,  the  lines  of  force  going  through  it  The  stratified  discbarge 
was  extinguished  the  moment  the  electro- magnet  was  thrown  into  action. 
Subsequently,  through  the  sinking  of  the  batterv,  or  some  other  cause,  the 
stratifications  disappeared,  and  the  0abe  was  filled  with  a  luminous  glow.  On 
now  exciting  the  magnet  with  a  battery  of  10  cells,  effulgent  strata  were 
drawn  out  from  the  positive  pole,  passing  along  the  upper  or  under  surface 
of  tlvB  receiver,  according  to  the  direction  of  the  current.  On  making  the 
circuit  of  the  magnet,  and  breaking  it  immediately,  the  luminous  strata 
rushed  from  the  positive  and  then  retreated,  cloud  following  cloud  with  a 
deliberate  motion,  and  appearing  as  if  swallowed  up  by  the  positive  elec- 
trode. 

The  amount  of  electricity  which  passed  appeared  materially  increased  on 
exciting  the  magnet ;  once  the  discharge  was  so  intense  as  to  fuse  half  an 
inch  of  the  positive  terminal.  After  this  had  occurred,  the  discharge  no 
longer  passed  as  before  when  the  terminals  of  the  battery  were  connected 
with  it;  but  on  connecting  the  positive  end  of  the  battery  with  the  gas-pipes 
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of  the  building,  the  discharge  passed.  The  discharge  could  also  be  extin- 
tuisbed  by  the  magnet;  and  the  time  necessary  to  accomplish  this  furnished 
a  beautiful  indication  of  the  gradual  rise  and  reduction  in  the  power  of  the 
electro-magnet. 

Somewhat  similar  results  were  obtained  with  the  water  battery, 
the  discharge  from  3,520  cells  being  either  entirely  destroyed  or 
interrupted  by  the  power  of  the  electro-magnet. 


CHAPTER  V. 
MAGNETIC   EFFECTS   OF   THE   VOLTAIC   CURRENT. 

Galvanometers— General  Principles— The  Astatic  Needle  Galvanometer — 
Graduation — The  Tangent — Sine — Differential — ^Reflecting  and  Marine 
Galvanometers. 

(140)  The  ChUvaaometer. — The  influence  of  magnetism  on 
the  voltaic  arc  has  been  already  alluded  to.  The  consideration  of 
the  mutual  relations  of  the  magnetic  and  electrical  forces  belongs 
to  another  division  of  our  subject  We  refer  to  them  here  in  an- 
ticipation, for  the  purpose  of  describing  some  important  instru- 
ments much  used  for  determining  the  intensity  of  hydro-electric 
currents.  These  instruments  are  called  galvanometers  or  galvano^ 
multipliers,  and  are  foimded  on  the  important  discovery  of  Oersted, 
made  in  the  year  18 19. 

The  fundamental  fact  observed  by  this  philosopher  was,  that 
when  a  magnetic  needle  is  brought  near  the  conducting  medium 
of  a  closed  voltaic  circle,  it  is  immediately  deflected  from  its  normal 
position  and  made  to  take  up  a  new  one,  depending  6n  the  relative 
positions  of  the  needle  and  wire. 

If  the  connecting  medium  be  placed  horizontally  over  the  needle,  that  pote 
of  the  latter  which  is  nearest  to  the  negative  end  of  the  battery  always  moves 
westward;  if  it  be  placed  under  the  needle,  the  same  pole  moves  eastward. 

If  the  connecting  wire  be  placed  parallel  with  the  needle— that  is,  broifght 
into  the  same  horizontal  plane  in  which  the  needle  is  moving— then  no 
motion  of  the  needle  in  that  plane  takes  place ;  but  a  tendency  is  exhibited 
in  it  to  move  in  a  vertical  circle,  the  pole  nearest  the  negative  side  of  the 
battery  being  depressed  when  the  wire  is  to  the  xoest  of  it,  and  elevated 
when  it  is  placed  on  the  eastern  side. 

If  the  battery  current  be  sent  above  and  below  the  needle  at  the  same 
time,  but  in  opposite  directions,  the  deflection  is  more  powerful,  for  the 
current  traversing  the  wire  above  the  needle  conspires, equally  with  the  current 
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paasing  along  the  wire  bdow^  to  deflect  the  needle  from  its  natural  position, 
and  to  bring  it  into  a  new  one  nearer  at  right  angles  to  the  plane  of  the  wire. 
If,  instead  of  passing  once  over  and  once  tinder  the  needle,  the  conducting 
wire  be  caused  to  make  a  great  number  of  convolutions,  the  deflecting  power 
of  the  current  will  be  proportionately  increased,  and  an  instrument  will  be 

Fig.  186. 


obtained  by  which  very  feeble  currents  may  be  readily  detected.  This 
then  is  the  principle  of  the  galvanometer,  the  simplest  form  of  which  is 
shown  in  Fig.  186,  but  to  which,  to  adapt  it  to  the  detection  of  very 
minute  currents,  various  forms  have  been  given ;  in  all,  the  convolutions 
of  the  wire  are  multiplied,  and  the  lateral  transfer  of  the  electricity  pre- 
vented by  coating  it  with  sealing-wax. 

The  sensibility  of  the  galvanometer  is  much  increased  by  neu- 
tralizing the  magnetic  influence  of  the  earth,  by  employing  two 
needles.  The  neutralizing  needle  is  attached  to  the  principal  one, 
placing  them  one  above  another,  and  parallel  to  each  other,  but 
with  their  poles  in  opposite  directions ;  they  are  fixed  by  being 
passed  through  a  straw  suspended  from  a'  thread.  The  distance 
between  the  needles  is  such  as  to  allow  the  upper  coil  of  the  wires 
to  pass  between  them,  an  opening  being  purposely  left,  by  the 
separation  of  the  wires  at  the  middle  of  that  coil,  to  allow  the 
middle  of  the, straw  to  pass  freely  through  it.  A  graduated  circle, 
on  which  the  deviation  of  the  needle  is  measured,  is  placed  over 
the  wire  on  the  upper  surface  of  the  instrument,  having  an  aper- 
ture in  its  centre  for  the  free  passage  of  the  needle  and  straw. 

Professor  Tyndall  (Heat  Considered  as  a  Mode  of  Motion^  p.  20) 
gives  the  following  directions  for  the  preparation  of  a  pair  of  these 
needles : — 

*  Magnetize  both  of  them  to  saturation ;  then  suspend  them  in  a  vessel  or 
under  a  shade,  to  protect  them  from  air-currents.  The  system  will  probably 
set  in  the  magnetic  meridian,  one  needle  being  almost  in  all  cases  stronger 
than  the  other.  Weaken  the  stronger  needle  carefully,  by  the  touch  of  a 
second  smaller  magnet  When  the  needles  are  precisely  equal  in  strength, 
they  will  set  at  right  angles  to  the  magnetic  meridian, 

*  It  might  be  supposed  that  when  the  needles  are  equal  in  strength,  the 
directive  force  of  the  earth  would  be  completely  annulled,  that  the  double 
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needle  would  be  perfectly  astatic  and  perfectly  neutral  as  regards  direction, 
obeying  simply  the  torsion  of  its  suspended  fibre.  This  would  be  the  case 
if  the  magnetic  axes  of  both  needles  could  be  caused  to  lie  with  mathematical 
accuracy  in  the  same  vertical  plane.  In  practice,  this  is  next  to  impossible ; 
the  axes  alwa^'s  cross  each  other.* 

The  astatic  needle  galvanometer  is  shown  in  Fig.  187.    The 
bobbin  is  surrounded  with  some  two 
or   three    thousand   turns   of   very  -pig.  187. 

fine  and  well-insulated  copper  wire. 
The  needles  are  suspended  by  a  sin- 
gle fibre  of  bleached  and  baked  silk. 
When  the  instrument  is  not  in  use, 
the  upper  needle  rests  on  a  graduated 
cfttd,  from  which  it  is  raised  when 
Rbout  to  be  put  in  action  by  a  sim- 
ple mechanical  contrivance  at  the  top 
of  the  glass  shade.  The  axis  joining 
the  two  needles  must  be  brought 
exactly  in  the  centre  of  the  card, 
"which  is  easily  effected  by  means  of 
adjusting  screws.  The  upper  needle 
is  brought  exactly  to   zero  of  the 

scale  by  turning  the  card  by  means  of  a  button  underneath  the  base 
of  the  instrument.  A  good  galvanometer  should  not  make  more 
than  two  oscillations  a  minute,  and  should  return  exactly  to  zero. 
It  is,  however,  very  difficult  to  realize  this.  The  astatic  needle  is 
very  sensitive  to  the  slightest  magnetic  action,  and  copper  wire 
almost  invariably  contains  traces  of  iron.  Tyndall  states  that  in 
an  instrument  constructed  for  him  by  Sauerwald,  of  Berlin,  the 
needle  was  deflected  30°  from  the  zero  line  when  no  current  was 
flowing  through  the  instrument.  On  replacing  the  wire  by  Eng- 
lish copper,  the  deflection  fell  to  3° ;  and  this  deflection  was  traced 
to  the  green  silk  with  which  the  wire  was  covered,  in  the  dyeinff 
of  which  some  iron  compound  had  been  used.  When  this  was 
removed  and  replaced  by  white  silk,  a  perfect  galvanometer  was 
the  result. 

In  his  electro-physiological  researches,  M.  Du  Bois  Keymond 
employed  a  galvanometer  with  from  25,000  to  30,000  coils;  but  to 
fit  it  for  these  delicate  investigations,  it  was  necessary  to  apply  a 
correction  for  the  iron  contained  in  the  copper  wire.  This  was 
done  by  placing  in  the  interior  of  the  coil  a  small  magnetized  frag- 
ment one-twenty-flfth  of  an  inch  in  length  ;  this  compensated  the 
disturbing  action  as  long  as  the  needles  were  near  zero,  but  the 
action  was  null  as  soon  as  they  moved  through  a  few  degrees. 
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(14.1)  Melloni's  Mefbod  of  Cfrr»daatliir  a  ChUvanometer.— 

(Translated  from  La  Thennochrose,  aad  quoted  by  Tyndall  in 
p.  362  of  his  work  on  Heat  considered  as  a  Mode  of  Motion)  : — 

*  Two  small  vessels,  v  v  (Fig.  188),  are  half  filled  with  mercury,  and  con- 
nected separately  by  two  short  wires  with 
the  extremities,  o  o,  of  the  galvanometer. 
Fig.  188.  ij^g   vessels    and    wires  thus  disposed, 

make  no  change  in  the  action  of  the 
instrument,  the  thermo-electric  current 
being  freely  transmitted  as  before  from  the 
pile  to  the  galvanometer.  But  if  by 
means  of  a  wire  f,  a  communication  be 
established  between  the  two  vessels,  part 
of  the  current  will  pass  through  this  wire 
and  return  to  the  pile.  The  quantity  of 
electricity  circulating  in  the  galvanometer 
will  be  thus  diminished,  and  with  it  the 
deflection  of  the  needle. 
Suppose  then  that  by  this  artifice  we 
have  reduced  the  galvanometric  deviation  to  its  fourth  or  fifth  part— in 
other  words,  supposing  that  the  needle,  being  at  10^  or  12^  under  the 
action  of  a  constant  source  of  heat  placed  at  a  fixed  distance  from  the  pile, 
descends  z^  or  3^^,  when  a  portion  of  the  current  is  diverted  by  the  ex- 
ternal wire — I  say,  that  by  causing  the  source  to  act  from  various  distances, 
and  observing  in  each  case  the  total  deflection  and  the  reduced  deflection, 
we  have  all  the  data  necessary  to  determine  the  ratio  of  the  deflections 
of  the  needle  to  the  forces  which  produce  these  deflections. 

To  render  the  exposition  clearer,  and  to  furnish  at  the  same  time  an 
example  of  the  mode  of  operation,  I  will  take  the  numbers  relating  to  the 
application  of  the  method  to  one  of  my  thermo-millti  pliers. 

The  external  circuit  being  interrupted,  and  the  source  of  heat  being  suffi- 
ciently distant  from  the  pile  to  give  a  deflection  not  exceeding  5^  of  the 
galvanometer,  let  the  wire  be  placed  from  v  to  v;  the  needle  falls  to  1*5^. 
The  connection  between  the  two  vessels  being  again  interrupted,  let  the 
source  be  brought  near  enough  to  obtain  successively  the  deflections — 
5O;  loO;  15O;  20O;  25°;  30O;  35O;  40O;  450. 

Interposing  after  each  the  same  wire  between  y  and  v,  we  obtain  the  fol- 
lowing numbers— 

1.30.  30.  4.30.  6.3O;  8.40.  ii-jO.  1^.30.  22.4O.  2970. 

Assuming  the  force  necessary  to  cause  the  needle  to  describe  each  of  the 
first  degrees  of  the  galvanometer  to  be  equal  to  unity,  we  have  the  number  5 
as  the  expression  of  the  force  corresponding  to  the  first  observation,  llie 
other  forces  are  easily  obtained  by  the  proportions — 

15  .  5  =  «  :  ^  =  ^  a  -  3'333  « 

(that  is  to  say,  one  reduced  current  is  to  the  total  current  to  which  it  corre- 
sponds, as  any  other  reduced  current  is  to  its  corresponding  total  current), 
where  a  represents  the  deflection  when  the  exterior  circuit  is  closed. 


Digitized  by 


Google 


GRADUATION   OF  A   GALVANOMETER.  25 1 

We  thus  obUin — 

5, 10, 15-2,  21,  28,  373, 

for  the  forces  corresponding  to  the  deflections — 

50  loO,  15°,  200  250,  300. 

In  this  instrament,  therefore,  the  forces  are  sensibly  proportional  to  the 
arcs  up  to  nearly  150.  Beyond  this  the  proportionality  ceases,  and  the 
divergence  augments  as  the  arcs  increase  in  size. 

The  forces  belonging  to  the  intermediate  degrees  are  obtained  with  greater 
ease,  either  by  calculations  or  by  graphical  construction,  which  latter  is 
sufficiently  accurate  for  these  determinations. 

By  these  means  we  find : — 

Degrees    ...    I3«>,  14°   15^,  16°,  17O,  18°.  19°,  20°,  21°; 

Forces.    ...    13,  14*1,  15%   16*3,  17-4,  i8-6,  19-8,  21,  22*3; 

Differences   .    .    i*i,  I'l,  i*i,  i-i,  1*2,  1-2,  1*2,  1-3. 

Degrees    .    .    .    22°,  23°,  24°,  25^^,  26°,  27°,  28°,  29°,  30°; 
Forces.    .    .    .    235,  24-9,  26-4,  28,  297,  .31-5,  334,  35-3,  37-3; 
Differences   .    .    1*4,  i'5,  1*6,  17,  1-8,  1*9,  1*9,  2. 

In  this  table  we  do  not  take  into  account  any  of  the  degrees  preceding 
the  13th,  because  the  force  corresponding  to  each  of  them  possesses  the  same 
value  as  the  deflection. 

The  force  corresponding  to  the  first  30^  being  known,  nothing  is  easier 
than  to  determine  the  values  of  the  forces  corresponding  to  35^,  40S  45^»  and 
upwards. 

The  reduced  deflections  of  these  three  arcs  are — 

15-30  2240  29-70. 

Let  us  consider  them  separately,  commencing  with  the  first.  In  the  first 
place  then  15O,  according  to  our  calculation,  are  equal  to  15*2;  we  obtain 
the  value  of  the  decimal  0*3  by  multiplying  this  fraction  by  the  difference 
(1*1)  which  exists  between  the  15th  and  16th  degrees,  for  we  have  evidently 
the  proportion — 

I  :  II  =  0*3  :  X  =  03. 

The  value  of  the  reduced  deflections  corresponding  to  the  35th  degree  will 
not  therefore  be  15.3°,  but  i5'20+o*3  =  i5'50.  By  similar  considerations  we 
find  23*50 +  o-6= 24-10  instead  of  22-40,  and  36-70  instead  of  2970  for  the 
deduced  deflections  of  400  and  450. 

It  now  only  remains  to  calculate*  the  forces  belonging  to  these  three 
deflections,  15*50,  24*10,  and  36-70,  by  means  of  the  expression  3-333  a;  this 
gives  us — 

For  forces    ....    517,  80-3,  1223; 

For  the  degrees   .    .    35,     40,     45. 

Comparing  these  numbers  with  those  oi  the  preceding  table,  we  see  that 
the  sensitiveness  of  our  galvanometer  diminishes  considerably  when  we  use 
deflections  greater  than  30O.' 

(142)  Tlie  Tangent  Oflklvanometer. — The  galvanometer  which 
we  have  just  been  descrihing  is  an  exquisitely  delicate  test  of  the 
existence  and  direction  of  a  current ;  it  is  not;  however,  adapted 
for  its  quantitative  measurement^  for  this  purpose  the  tangent  cam- 
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pass  or  galvanometer  (Figs.  189  and  190)  is  employed.  It  con- 
sists of  a  large  circle  or  hoop  of  copper  ribbon  covered  with  silk, 
fixed  vertically  upon  a  graduated  circle,  exactly  in  the  centre  of 

which  is   placed — either    by 
Fig.  189.  suspension  by  a  silk  thread, 

or  on  a  cap  resting  on  a  pivot 
— a  very  short  but  intensely 
magnetized  needle,  which  may 
be  considered  to  be  fully 
under  the  influence  of  the  cur- 
rent, at  whatever  angle  it  may 
be  placed.  The  hoop  is  placed 
exactly  in  the  magnetic  me- 
ridian, and  when  the  current 
is  tnmsmitted  through  it  the 
needle  deviates,  and  the  force 
of  the  current  is  proportional 
to  the  tangent  of  the  angle  of 
the  needle's  declination,  whence 
the  name  given  to  the  in- 
strument. The  needle  is  pro- 
vided transversely  with  a  long 
light  copper  needle,  by  means 
of  which  the  angle  is  measured.  The  tangent  of  the  angle  of  deflec- 
tion may  be  learned  vnthout  calculation  by  reference  to  a  Table  of 
Natural  Tangents.     This  instrument  cannot  be  relied  upon  for 

angular    deviations, 

Fig.  190. 


which  much  exceed 
70°,  owing  to  the 
rapidly-diminishing 
angular  deviation 
produced  by  equal 
increments  in  the 
force  of  the  current, 
when  the  deflection 
has  reached  this  ex- 
tent. By  introduc- 
ing into  the  same 
circuit  a  voltameter 
and  a  tangent  gal- 
vanometer, it  is  found  that  the  chemical  action  of  the  current  is 
proportional  to  its  magnetic  action.  The  galvanometer  is,  there- 
fore, a  measure  of  the  chemical  as  well  as  of  the  magnetic  action 
of  a  voltaic  current, 
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(143)  The  Sine  ChUvanometer. — This  instrument^  shown  in 
Fig.  191^  consists  of  a  single  magnetized  needle  surrounded  with  a 
coil  which  is  moveable  on  its  axis ;  it  acts  on  the  principle  that 
the  intensity  of  the  current  varies  as  the  sine  of  the  angle  of  de/lection, 
and  is  applicable  rather  to  the  determination  of  the  intensity  of 
strong  currents  than  to  the  detection  of  weak  ones.  The  instru- 
ment is  placed  in  the  magnetic  meridian,  and  when  the  needle  is 
deflected  by  the  current^  the  coil  is  turned  until  it  again  coincides 
with  the  new  direction  of  the  needle,  the  exact  parallelism  of  the 

Fig.  191. 


needle  and  coil  being  determined  with  the  aid  of  a  lens.  The 
number  of  degrees  which  it  was  necessary  to  turn  the  coil  from 
the  zero  point  to  adjust  it  to  the  new  position  of  the  needle  is  read 
off  on  the  graduated  scale  surroimding  the  coil.  This  is  the  exact 
measurement  of  the  angle  which  the  needle  forms  with  the  mag- 
netic meridian,  and  also  of  the  intensity  of  the  current,  by  which 
the  needle  has  been  deviated ;  but  this  is  also  equ^  to  the  hori- 
zontal force  of  terrestrial  magnetism,  in  virtue  of  which  the  needle 
tends  to  return  to  the  magnetic  meridian ;  and  this  being  equal  to  the 
sine  of  the  angle  of  deflection,  the 
intensity    of   the   current   is  of  Fig.  191. 

course  the  same,  and  its  value 
may  be  determined  by  reference  ^^^^^ 

to  a  table  of  natural  sines.  |Z Z_ 

For  the  detection  of  currents  ^ 

of  small  intensity,  such  as  those  \^ 

produced  by  thermo-electric  ac- 
tion, neither  of  the  galvanometers 
above  described  is  adapted,  the 
length  and  thinness  of  the  wire 
opposing  too  gi'eat  a  degree  of  resistance  to  the  passage  of  such 
feeble  currents.    The  wire  for  such  purposes  should  make  but 
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few  turns  round  the  needle,  and  should  be  at  least  ^V^^^  ^^  i'^ch 
in  thickness ;  or,  as  Fechner  recommends,  should  consist  of  a  single 
strip  of  copper,  and  an  astatic  needle  having  the  freest  possible 
motion  (Fig.  r92). 

(144)  Tlie  BilTerential  ChUTanometer. — This  instrument  is 
used  for  the  determination  of  the  relative  force  of  two  currents.  It 
consists  of  a  galvanometer,  with  two  perfectly  similar  wires  wound 
round  the  same  frame.  Now  if  two  currents  of  precisely  the  same 
intensity  be  sent  in  opposite  directions  through  these  wires,  the 
needle  will  obviously  remain  at  zero ;  but  if  one  current  be  more 
powerful  than  the  other,  the  needle  will  move,  indicating  the 
strongest  current,  and  showing  by  the  amplitude  of  the  deflection 
by  how  much  the  strongest  current  exceeds  the  weakest. 

(145)  Tliomso]i*s  Seflecstiiir  <»alvanometer. — This  instru- 
ment is  shown  in  Fig.  193.    A  small  magnet  is  fixed  to  the  back 

Fig.  193. 


of  a  little  circular  glass  mirror,  which  weighs  with  the  magnet 
about  i^  grain.  It  is  suspended  by  a  fine  silk  thread,  in  a  frame 
which  slides  in  a  circular  bobbin.  This  bobbin  contains  a  coil  of 
short  and  thick  wire  for  thermo-electric  experiments,  or  of  long 
thin  wire  for  chemical  currents.  The  layers  of  the  coil  are  very 
close  to  the  magnet,  consequently  in  the  position  of  greatest  effi- 
ciency. The  coil  has  a  small  cylindrical  opening  in  the  centre, 
not  longer  than  the  circular  mirror,  in  .front  of  which  a  lens  is 
placed.  A  lamp  placed  on  a  separate  stand  with  a  slide  and  scale, 
throws  the  light  on  the  mirror,  which  reflects  the  rays  back  through 
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the  lens,  and  this  concentrates  them  into  an  image  of  the  flame  on 
the  scale  in  front  of  and  over  the  lamp.  The  reflected  image 
traverses  to  fmd  fro  on  the  scale  as  the  magnet  and  mirror  are 
deflected  to  the  right  and  left.  Owing  to  the  very  small  angular 
deflection  which  sufiices  to  cause  the  spot  to  traverse  the  entire 
scale,  the  deflections  of  this  spot  may  be  taken  as  strictly  pro- 
portional to  the  deflecting  current. 

At  the  top  of  the  box  which  encloses  the  coil  is  a  perpendicular 
rod,  on  which  at  right  angles  a  magnet  slides  up  and  down.  By 
means  of  a  tangent  and  screw  arrangement,  this  magnet  can  be 
moved  very  slightly  in  a  horizontal  direction.  The  object  of  this 
magnet  is  to  counteract  the  influence  of  the  earth's  magnetism  on 
the  suspended  magnet.  By  lowering  or  raising  the  magnet  at  the 
top,  a  spot  can  be  found  where  the  influence  of  the  earth's  mag- 
netism is  neutralized,  and  the  suspended  needle  is  then  in  an 
astatic  state. 

(146)  TlioiiisoB's  Marine  OalTanometer. — ^This  instrument 
allows  galvanometric  measurements  which  can  be  made  on  land,  to 
be  repeated  at  sea.  The  small  magnet  and  mirrot  are  strung  on  a 
strong  single  fibre  of  silk,  which  is  stretched  in  a  frame,  and 
secured  at  top  and  bottom.  The  silk  fibre  must  go  accurately 
through  the  centre  of  gravity,  so  that  when  the  frame  is  moved 
or  inclined  the  mirror  produces  no  change  by  the  action  of  gravi- 
tation, or,  in  other  words,  without  altering  the  relative  positions  of 
the  frame  and  the  image  on  the  scale.  The  efiect  of  the  earth's 
magnetism  is  equally  neutralized — ^flrst,  by  a  very  stout  soft  iron 
box,  which  contains  the  coil  with  the  magnet  and  mirror ;  and 
secondly,  by  a  horseshoe  magnet  inside  the  iron  box,  the  directing 
power  of  which  is  much  stronger  than  that  of  the  earth. 

Galvanometric  observations  of  all  kinds  can  easily  be  made  with 
this  instrument  in  the  roughest  weather  at  sea ;  neither  the  con- 
tinual alteration  of  the  ship's  course,  nor  the  motion  due  to  the 
^waves,  have  any  effect  on  the  deflections.  The  instrument  can  be 
made  either  with  differential  coils  or  with  simple  coils,  to  be  used 
in  connection  with  Wheatstone's  balance,  or  it  will  indicate  the 
loss  by  direct  deflection.  It  may  also  be  used  as  a  receiving 
instrument  for  messages,  since  the  movements  of  the  spot  of 
light  can  be  as  readily  interpreted  as  those  of  any  single  needle 
receiver. 

A  jar  will  not  derange  the  instrument,  and  there  are  no  metal 
bearings  which  can  rust.  Its  practical  value  is  now  well  known, 
and  has  been  tested  by  several  years'  experience  in  the  hands  of 
-various  electricians. 
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Discovery — Matnal  Actions  of  Magnets  and  Moveable  Conductors— ;0f 
Parallel  Currents — Laws  of  Angular  Corrents — Solenoids — ^Theories  of 
Magnetism  —  Faraday's  Investigations —  Electro-magnetic  Botations  — 
Electro-magnets — Electro-magnetic  Engines. 

(147)  Oersted's  Blseovery. — The  grand  fundamental  fact  ob- 
served by  Oersted,  in  181 9,  was,  that  when  a  magnetic  needle  is 
brought  near  the  connecting  medium  (whether  a  metallic  wire,  or 
charcoal,  or  even  saline  fluids)  of  a  closed  voltaic  circuit,  it  is  im- 
mediately deflected  from  its  position,  and  made  to  take  up  a  new 
one,  depending  on  the  relative  positions  of  the  needle  and  con- 
ductor. 

In  Fig.  194,  let  d  represent  a  copper  -wire,  the  bent  ends  of  which  dip  into 
two  small  cups  c  c,  surmoanting  two  wooden  pillars  a  a,  and  filled  with  mer- 

Fig.  194. 


cury ;  let  e  represent  a  magnetic  needle  finely  balanced  on  a  pointed  wire 
which  can  be  raised  or  depressed,  and  adjusted  either  above  or  below  d  by 
means  of  the  screw  e,  and  let  the  apparatus  be  arranged  with  the  wire 
in  the  line  of  the  magnetic  meridian. 

If  the  connecting  medium  be  placed  horizontally  ot^erthe  needle,  that  pole 
of  the  latter  which  is  nearest  to  the  negative  end  of  the  battery  moves  icwsf- 
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ward;  if  it  be  placed  under  the  needle,  the  same  pole  moves  east  If  the  con- 
necting wire  be  placed  parallel  with  the  needle,  that  is,  brought  into  i  he  same' 
horizontal  plane  iu  which  the  needle  is  moving,  then  no  motion  of  the  needle 
in  that  plane  takes  place ;  but  a  tendency  is  exhibited  in  it  to  move  in  a  ver- 
tical circle,  the  pole  nearest  the  negative  side  of  the  battery  being  depressed 
when  the  wire  is  west  of  it,  and  elevated  when  it  is  placed  at  the  eastern  side. 

In  electro-magnetic  reseajjches  it  is  necessary  to  bear  in  mind 
these  affections  of  the  needle  and  conducting  wire.  The  following 
aid  to  the  memory  is  useful.  Let  a  person  suppose  himself  to  be 
swimming  in  a  river  against  the  stream,  and  looking  down  upon  it : 
the  running  stream  being  the  conducting  wire,  the  north  pole 
moves  to  the  kft  hand.  If  he  suppose  himself  to  be  swimming 
on  his  back,, and  looking  upwards  on  the  current,  the  north  pole 
passes  to  his  right  hand. 

The  extent  of  the  declination  of  the  needle  depends  entirely  on 
the  quantity  of  electricity  passing  along  the  conductor ;  it  has  no- 
thing to  do  with  its  tension,  which  is  probably  the  reason  that  the 
first  inquirers  failed  in  discovering  the  above  effects,  since  they  all 
worked  with  statical  electricity. 

(i4'8)  Aaw  of  Slectaro-maffnetic  Force. — When  the  current  is 
rectilinear,  and  the  length  of  the  conducting  wire  considerable,  so 
that  in  relation  to  that  of  the  needle  it  may  be  reg^ded'  as  infinite, 
the  intensity  of  the  electro-magnetic  force  was  shown  by  Biot  and 
Savary  to  be  '  m  the  inverse  ratio  to  the  simple  distance  of  the  mag- 
netized ikeedle  from  the  current  j'  but  it  is  only  under  these  con- 
diitions  that  the  law  is  true,  for  it  has  been  shown  by  Laplace  that, 
the  elementary  magnetic  force,  that  is,  the  elementary  action  of  a 
simple  section  of  the  current  upon  the  needle,  is,  like  all  other 
known  forces,  in  the  in- 


Fig.  195. 


verse  ratio  of  the  square 
of  the  distance,  and  propor- 
tional to  the  sine  of  the- 
angle  formed  by  the  direc- 
tion of  the  current,  and 
by  the  line  drawn  through 
the  centre  of  the  section  to 
the  centre  of  the  needle. 
In  fact,  by  calculating, 
according  to  this  principle, 
the  sum  of  all  the  ele- 
mentary actions  that  are 
exercised  on  a  small  needle 

by  an  indefinite  rectilinear  current,  it  is  found  that  the  intensity 
of  this  resultant  should  be,  as  experiment  proves  it  really  is,  in 
the  inverse  simple  ratio  of  the  distance. 

s 
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From  the  same  law  of  the  elementary  force  it  follows  that  the 
intensity  of  the  action  of  an  indefinite  angular  current,  a  h  c 
(Fig.  195),  on  a  small  needle,  d  c,  is  in  the  inverse  ratio  of  the  dis- 
tance, b  d,  like  that  of  the  rectangular  current,  but  it  is  moreover 
proportional  to  the  tangent  of  half  the  angle,  a  hf, 

(149)  Action  of  a  Fixed  Magnet  on  a  Moveable  Conduet- 
Inr  UTire. — The  apparatus  shown  in  Fig.  196  ,wa8  contrived  by 

Fig.  196. 


Ampere  to  demonstrate  the  reaction  of  the  magnetic  poles  on  the 
electric  current : — 

Two  metallic  uprights,  a  b,  provided  at  their  lower  extremities  with  caps 
to  hold  mercury,  are  fixed  on  a  base-  board  c ;  from  the  tops  of  these  ver- 
tical rods  proceed  long  horizontal  arms,  carrying  at  their  ends  brass  mer- 
cury cups.  The  moveable  conductor  consists  of  a  rectangular  copper  wire, 
its  two  extremities  being  brought  back  near  each  other,  so  that  their  points 
may  dip  into  the  mercury  capsules,  d  e :  one  of  the  poles  of  the  voltaic 
battery  is  made  to  communicate  with  the  lower  extremity  of  one  of  the 
fixed  conductors,  and  the  other  with  the  corresponding  extremity  of  the 
second  pillar. 

Supposing  the  connections  to  be  made  in  the  manner  indicated  in  the 
figure,  then  the  current  will  circulate  through  the  system  in  the  direction 
pointed  out  by  the  arrows ;  and  on  placing  a  magnetized  bar  below  and  very 
near  to  the  lower  part  of  the  wire,  the  latter  immediately  moves  and  sets 
itself  transversely  to  the  magnet.  On  altering  the  direction  of  the  current, 
or  on  turning  the  fixed  magnet  round,  the  wire  again  moves  and  describes 
an  angle  of  180°,  in  order  to  take  up  a  position  the  reverse  of  that  which  it 
previously  occupied,  and  which  is  in  strict  accordance  with  Ampere's  formula 
in  the  case  of  a  fixed  current  and  moveable  magnet. 

If  the  diameter  of  the  rectangular  wire  be  considerable  (from 
18  inches  to  a  feet),  and  if  it  be  traversed  by  a  powerful  voltaic 
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current,  it  is  acted  upon  sensibly  by  terrestrial  magnetism,  and  sets 
itself  transversely  or  perpendicularly  to  the  magnetic  meridian, 
the  earth  acting  like  a  magnet  whose  N.  pole  would  be  on  the 
S.,  and  whose  S.  pole  would  be  on  the  N.  side  of  the  earth. 
This  phenomenon  is,  however,  better  exhibited  by  an  ingeni- 
ous little  apparatus  contrived  by  De  la  Rive,  and  shown  in  Fig. 

197:— 

The  conducting  wire  is  made  into  a  ring,  consisting  of  several  coils,  well 
insulated,  being  wrapped  round  with  silk ;  one  end  of  the  wire  is  soldered 
to  a  zinc  plate,  and  the  other  to  a  copper  plate,  the  latter  enveloping  the 
former.  The  little  voltaic  battery  thus  formed  is  placed  in  a  small  cylin- 
drical glass  vessel,  which  can  be  floated  in  water  by  a  cork  attached  to  its 
upper  end.  Dilute  sulphuric  acid  is  poured  into  the  cylinder,  and  it  is  then 
placed  in  a  basin  of  water.    By  the  current  of  electricity  which  is  deter- 

Flg.  199. 
Fig.  197. 


Pig.  198. 


mined  round  the  coil,  magnetic  properties  are  conferred  upon  it ;  it  manifests 
a  tendency  to  take  a  position  in  the  plane  of  the  magnetic  meridian,  and  it 
exhibits  all  the  effects  of  attraction  and  repulsion  described  above,  when  a 
strong  bar-magnet  is  brought  near  it  on  either  side.  The  motions  of  this 
floating  coil  are  less  impeded  by  setting  it  afloat  in  a  little  varnished 
wooden  dish,  as  shown  in  Fig.  198.  On  pouring  dilute  sulphuric  acid  into 
the  little  bowl,  the  coil  becomes  surprisingly  sensible  to  the  influence  of 
a  magnet,  and  will  be  attracted  and  repelled  at  the  distance  of  several 
inches. 
Or, 

The  wire  may  be  bent  into  a  spiral  (Fig.  199),  and  suspended  in  such  a 
manner  as  to  allow  it  free  horizontal  motion ;  en  passing  the  voltaic  current 
through  it,  the  plane  of  the  spiral  will  arrange  itself  £.  and  W.;  the 
positive  current  ascending  on  the  W.  side  and  descending  on  the  £.,  taking 
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the  same  course  as  the  hands  of  a  watch  when  it  is  held  on  edge,  with  the 
plane  of  the  dial  lying  £.  and  W.  facing  S.  The  side -of  the  spiral  which  is 
towards  the  N.  acts  as  a  N.  pole,  and  the  S.  side  has  an  opposite  polarity. 
Each  side  powerfully  attracts  iron  filings. 

(150)  Mutual  Action  of  Parallel  Slectrical  Currents. — 

When  two  metallic  wires  are  traversed  simultaneously  by  an  6lec- 

Fig.  aoo. 


y 


trical  current,  the  wires  are  either  attracted  towards,  or  repelled 
from,  each  other,  according  to  the  relative  directions  of  the  two 

currents.  When  they  move 
Fig.  zoi.  ^     the     same    direction 

through  the  wires,  there 
is  mutual  attraction ;  when 
they  move  in  a  contrary 
direction,  there  is  mutual 
repulsion  set  up  between 
the  conductors.  These  phe- 
nomena were  discovered  by 
Ampere,  to  whom  is  also 
due  the  development  of 
the  mathematical  laws 
which  govern  them.  They 
may  be  experimentally  il- 
lustrated by  the  little  ap- 
paratus shown  in  Figs.  200 


Ir" 


and  201.    The  positive  electrode  of  a  battery  of  5  or  6  pairs  is 
made  to  communicate  with  the  left-hand  pillar  (Fig.  200)  through 
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the  mercury  cup  •«;  the  Voltaic  current  ftscends  this  pillar,  and 
enters  the  moveable  rectangular  copper  wire  through  the  mercury 
cup  bf  leaves  it  through  the  cup  c,  and  ascending  the  right-hand 
colujnn  completes  the  circuit  through  a  wire  communicating  with 
the  negative  electrode.  By  observing  the  direction  of  the  arrow- 
headS;  it  will  be  seen  that  the  voltaic  current  is  moving  in  dif- 
ferent directions  through  the  fixed  pillars,  and  through  those  por- 
tions of  the  moveable  conductor  adjacent  to  them ;  the  rectangle 
is  therefore  repelled,  in  accordance  with  Ampere's  law ;  but  by 
arranging  the  wire  as  shown  in  Fig,  201,  the  current  is  caused  to 
move  in  the  same  direction  through  the  pillars  and  the  adjacent 
parts  of  the  moveable  conductor,  and  attraction  consequently 
results. 

(151)  Aaws  of  Aninilar  Currents. — Let  a  b  and  cd(Fig,  2b2) 
be  two  currents  crossing  at  the  point  r ;  there  will  be  attraction 

Fig.  zoa. 


between  the  parts  a  r  and  c  r,  because  the  currents  are  both  con- 
verging towards  r,  and  also  between  b  r  and.<?  r,  because  they  are 
both  diverging  from  that  point;  but  there  will  be  repulsion  be- 
tween a  t  and  r «?,  and  also  between  c  r  and  r  ft,  because,  while  a  r 
and  c  r  are  approaching  the  point  r,  r  b  and  r  ^  are  receding  from 
it.    From  this  it  follows  that  an  angular  current,  ab  c  (Fig.  203), 

Fig.  203. 


tends  to  become  straight ;  the  parts  a  b  and  b  c  exercising  a  mutual 
repulsion,  which  not  only  tends  to  bend  back  b  c  into  a  prolonga- 
tion of  a  b,  but  which  is  still  exercised  when  this  condition  is  ful- 
filled ;  in  other  words,  the  contiffnous  portions  of  the  same  rectilinear 
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Fig.  204. 


currents  repel  each  other.  This  important  oonseqvence  of  his  theory 
was  demonstrated  by  Ampere  by  the  following  experiment: — 
A  hollow  cut  oat  of  a  block  of  wood  (Fig.  204)  is  divided  into  two  com- 

partmonts  by  the  non-cooflact- 
ing  division  a  b;  a  silk-co- 
vered copper  wire  is  so  bent 
that  in  each  compartment  it 
shall    present     a     horizontal 
branch  parallel  to  the  division. 
These  branches  or  arms  are 
covered  with  wax,  except  at 
their  extreme  ends,  where  they 
are  bent  so  as  to  touch  the  mer- 
cury. On  passing  a  strong  current  through  the  wire  it  immediately  recedes, 
showing  an  apparent  repulsion  between  the  current  passing  through  the 
mercury  and  that  traversing  the  wire. 

(152)  Binuous  Currents:  Solenoids. — If  a  current,  instead 
of  following  a  rectilinear  course,  deviate  alternately  to  the  right 
and  to  the  left,  its  action  is  the  same  with  that  of  a  rectilinear 
current  of  the  same  extension.  The  combination  of  a  rectilinear 
with  a  sinuous  cuiTent  is  called  a  solenoid.  It  is  a  system  of  cir- 
cular currents,  equal  and  parallel,  formed  by  twisting  a  silk- 
covered  copper  wire,  corkscrew-fashion,  back  upon  itself ;  but  to 
make  it  perfect,  the  straight  part  of  the  wire  must  be  as  exactly 
as  possible  in  the  centre  of  the  helix*  Thus  arranged,  when  the 
circuit  is  traversed  by  a  current,  the  action  of  the  solenoid  in  the 
direction  of  its  length  A  b  (Fig.  205)  is  destroyed  by  that  of  the 


Pig.  105. 


rectilinear  current  B  c ;  and  the  only  effect  produced  is  due  to  the 
system  of  circular  currents,  equal  and  parallel,  moving  in  a  direc- 
tion perpendicular  to  its  axis.  Now,  as  the  action  of  fixed  currents 
on  moveable  ones  is  to  bring  them  into  a  position  parallel  to  them- 
selves, with  their  currents  moving  in  the  same  direction,  a  solenoid 
freely  suspended  on  a  vertical  axis  should,  when  acted  on  by  a 
rectilinear  current,  range  itself  with  its  circles  parallel  to  that  cur- 
rent. It  is  accordingly  found  that  on  passing  a  strong  voltaic 
current  through  a  solenoid  suspended  from  two  mercury  cups  (as 
shown  in  Fig.  206),  so  as  to  allow  it  perfect  freedom  of  motion 
round  a  vertical  axis,  and  passing  at  the  same  thne  underneath 
and  parallel  to  its  axis,  a  rectilinear  current,  the  solenoid  turns 
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itself  across  that  current,  taking  up  a  position  with  its  circles 
parallel  to  it. 

Fig.  206. 


If  instead  of  passing  the  rectilinear  current  horisontaUy  under- 
neath the  solenoid,  it  be  passed  vertically  and  near  one  end,  the 

latter  is  either  attracted  or  re- 
Fig.  407.         pelled,  according  as  the  currents        Fig.  208. 

are  passing  in  the  same  or  in 

opposite  directions  through  the 

wire,  and  through  the  contiguous 

parts  of  the  solenoid.     Two  sole- 
noids exhibit  towards  each  other 

the  phenomena  of  attraction  and 

repulsion  in  a  manner  precisely 

similar  to  two   magnets,   and  a 

solenoid  is  influenced  by  a  mag- 
netic bar    precisely   as    another 

magnet  would  be.     In  short,  a 

solenoid  has  all  the  properties  of 

a  magnet,  and  when   suspended 

(as  in  Fig.  206),  and  traversed  by 

a  strong  electric  current,  it  will 

range  itself  with  its  axis  parallel 

to   the   axis   of    the   declination 

needle.  If  the  helix  be  dextrorsal, 

its  coils  moving  upwards  from  left 

to  right  (Fig.  "207),  the  S.  pole 

will  be  at  the  end  at  which  the 
current  enters;  if  the  helix  be  simstrorsaly  its  coils  moving  upwards 
from  right  to  left  (Fig.  208),  the  N.  pole  will  be  at  the  end  at 
which  the  current  enters. 


( 
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Fig.  409. 


A  g^ood  illustration  of  the  mutual  attractions  of  conducting  wires 
carrying  voltaic  currents  moving  in  the  same  direction,  is  afforded 
by  Roget's  spiral  (Fig;  209).    The  helix  is  held  either  by  a  screw, 

or  by  a  fine  wire  immediately 
over  a  cup  of  mercury,  into 
which  its  opposite  end  just 
dips.  On  passing  the  current 
down  the  wire,  tjie  coils,  being 
all  traversed  in  the  same  di- 
rection, mutually  attract  each 
other;  the  entire  spiral  is 
hereby  shortened,  and  the 
lower  end  leaves  the  mercury ; 
contact  with  the  battery  is 
thus  broken.  The  spiral  re- 
sumes its  former  length,  and 
the  end  again  touches  the 
mercury,  but  this  causes  a  re- 
establishment  of  the  current 
and  a  re-shortening  of  the 
spiral;  in  this  way  a  rapid 
series  of  horizontal  vibi'ations 
is  produced. 
(153)  Tbeories  of  MaipnetUm  1  (Bpinus,  Coulomb. — The 
first  rational  theory  that  was  devised  to  account  for  the  phenomena 
of  magnetism  was  that  of  (Epinus  (1759),  who  applied  the  elec- 
trical theory  of  Franklin  with  great  ingenuity.  This  theory  in- 
cludes the  four  following  propositions : — 

1.  In  all  magnetic  bodies  there  exists  a  substance  which  may  be  called 
the  magnetic  fluid,  whose  particles  repel  each  other  with  a  force  inversely  as 
the  distance. 

2.  The  particles  of  this  fluid  attract  the  particles  of  iron,  and  are  attracted 
by  them  in  return  with  a  similar  force. 

3.  The  particles  of  iron  repel  each  other  according  to  the  same  law. 

4.  The  magnetic  fluid  moves  through  the  pores  of  iron  and  soft  steel  with 
very  little  obstruction ;  but  its  motion  is  more  and  more  obstructed  as  the 
steel  increases  in  hardness  and  temper,  and  it  moves  with  the  greatest  diffi- 
culty in  hard-tempered  steel  and  ores  of  iron. 

The  laws  of  attraction  and  repulsion  find  a  satisfactory  explana- 
tion on  this  hypothesis,  but  it  fails  when  applied  to  the  conse- 
quences which  follow  on  the  division  of  a  magnetic  bar ;  each 
piece  should  have  a  different  and  distinct  polarity,  whereas  it  is 
well  known  that  each  fragment  is  a  bi-polar  magnet.  CEpinus 
endeavoured  to  overcome  this  diificulty  by  supposing  that  during 
the  act  of  fracture,  the  balance  of  magnetic  force  was  disturbed, 
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and  that  a  portion  of  the  fluid  escaped  from  the  overcharged  pole, 
while  another  portion  entered  into  that  which  was  undercharged. 

The  theory  of  two  magnetic  fluids  was  advocated  by  Coulomb. 
A  magnet  was  considered  as  composed  of  minute  invisible  fjarticles 
of  iron,  each  of  which  has  individually  the  properties  of  a  magnet. 
It  was  assumed  that  there  are  two  distinct  fluids^  the  austrcd  and 
boreal;  and  under  the  influence  of  either  in  a  free  state,  the  bar 
would  point  to  the  N.  or.  S.  poles  of  the  earth,  according  to  circum- 
stances. It  was  supposed  to  be  within  these  small,  particles  or 
metallic  elements  that  the  displacement  or  separation  of  the  two 
attractive  powers  takes  place,  and  that  the  particles  may  be  the 
ultimate  atoms  of  iron. 

A  magnetic  bar  may,  according  to  this  theory,  be  represented 
(Fig.  210)  as  con^posed  of  minute  portions,  the  right-hand  ex- 
Fig,  iio. 


tremities  of  each  of  which  possess  one  species  of  magnetism, 
and  the  left-hand  extremities  the  other.  The  shaded  ends  being 
supposed  to  possess  boreal  and  the  light  ends  austral  magnetism, 
then  the  ends  of  the  bar  itself,  of  which  these  sides  of  the  elemen- 
tary magnet  form  the  faces,  possess  respectively  boreal  and  austral 
magnetism,  and  are  the  boreal  and  austral  poles  of  the  magnet. 

In  ordinary  iron  these  fluids  exist  in  a  combined  state,  and  are 
therefore  perfectly  latent,  the  metal  appearing  to  be  destitute  of 
magnetism.  They  exist  in  certain  proportions  imited  to  each 
molecule  or  atom  of  the  metal,  from  which  they  can  never  be 
disunited  j  the  only  change  which  they  are  capable  of  undergoing 
being  their  decomposition  into  the  separate  fluids,  one  of  which, 
in  a  permanent  magnet,  is  always  collected  on  one^  and  the  other 
on  the  opposite  side  of  each  molecule. 

(154)  Ampere's  Blectro-dsmamic  Theory* — Each  particle  or 
magnetic  element  is  regarded  as  constituting  a  voltaic  circuit,  and 
a  magnet  is  composed  of  an  assemblage  of  parallel  filaments,  each 
of  which  is  made  up  of  a  series  of  particles,  round  which  electric 
currents  are  circulating,  in  the  same  direction  with  reference  to 
the  axis  of  the  filament,  and  moving  in  planes  perpendicular  to 
that  axis. 

In  a  bar  of  unmagnetized  iron  the  electricity  is  supposed  to  be  in 
a  latent  state.    In  a  magnetized  bar  that  extremity  of  the  mag- 
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netic  filament  in  which,  when  nppermost,  the  current  is  moving  in 
the  same  direction  as  the  hands  of  a  watch^  has  the  properties  of  a 
S.  pole,  and  vice  versa. 

If  the  filament  be  placed  horizontally  (Fig.  211),  its  N.  pole 
pointing  to  the  N.  and  its  S.  pole  to  the  S.,  the  electric  currents 
circulate  on  the  upper  side,  from  W.  to  E.,  and  downwards  on  the 
eastern  side ;  on  the  under  side  from  E.  to  W.,  and  upwards  on  the 
western  side. 

Pig.  zii. 


The  mutual  repulsion  of  two  magnetic  poles  of  the  same  name, 
and  the  attraction  of  two  dissimilar  poles,  are  simple  consequences 
of  this  theory.  It  has  been  shown  that  there  is  a  repulsive  action 
set  up  between  two  wires  along  which  electrical  currents  are  moving 
in  opposite  directions,  but  that  when  the  currents  move  in  the 
same  direction  along  each  wire  attraction  results. 

Now  it  is  easy  to  see,  that  when  two  similar  magnetic  poles  are 

Fig.  zix.  Fig.  iij. 


brought  near  each  other  (Fig.  212),  the  hypothetical  currents  are 
moving  in  contrary  directions  at  the  sides  contiguous  to  each  other, 
and  that  when  two  dissimilar  poles  are  approximated  (Fig.  213) 
the  currents  are  flowing  in  the  same  direction — hence  repulsion  in 
the  former  case,  and  attraction  in  the  latter. 

It  follows  also,  as  a  consequence  of  this 
Fig.  214.  mutual  action  of  currents,  that,  viewing  a 

^  magnet  as  an  assemblage  of  filaments  roimd 

each  of  which  electrical  currents  are  cir- 
t      culating,  the  resultant  action  of  the  magnet 
I      can  only  be  exerted  externally  :  for  let  Fig. 
r      214.  represent  the  section  of  a  cylindrical 
magnetic  bar,  and  the  small  included  cir- 
cles some  of  its  filamentary  elements,  the 
currents  moving  round  the  contiguous  side* 
of  any  two  of  these  circles,  being  opposed  in  direction,  neutralize 
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each  other;  while  the  currents  that  pass  near  the  circumference 
are  not  so  compensated  by  others^  and  their  action  is  therefore 
fully  exerted  on  external  bodies. 

Again^  the  tendency  of  a  magnet  and  conducting  wire  to  place 
themselves  at  right  angles  to  each  other  is  referred  by  this 
theory  to  the  transverse  movements  of  the  electric  currents  in 
the  magnet;  which  act  upon  the  current  in  the  conductor,  and 
are  also  acted  upon  by  that 
current  Thus  let  s  n  (Fig. 
215)  represent  a  magnet,  and 
p  N  a  wire  conveying  a  cur- 
rent of  electricity  j  the  arrow- 
heads show  the  direction  in 
which  the  currents  are  mov- 
ing round  the  magnet,  viz.,  in 
planes  perpendicular  to  its 
axis  J  the  wire  p  n  tends  to 
range  itself,  therefore,  transversely  to  the  axis  of  the  bar,  in  order 
that  the  current  moving  along  it  should  be  parallel  to  that  of 
the  current  in  the  nearest  part  of  the  magnet. 

Further,  the  theory  happily  explains  the  induction  of  an  oppo-* 
site  polarity  ip.  the  adjacent  end  of  a  piece  of  soft  iron  by  a  mag- 
netic pole. 

Thus  let  A  B  (Fig.  216)  be  the  magnet,  and  c  D  the  bar  of  iron ; 
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the  former  has  a  tendency  to  excite  in  the  latter  a  current  of  elec- 
tricity circulating  in  the  same  direction  as  the  currents  moving 
round  its  own  filaments ;  but  it  is  evident  that  if  the  current  at  the 
end  of  B  revolves,  as  seen  by  a  spectator  looking  at  that  end  from 
right  to  left,  the  current  induced  at  the  end  of  the  iron  bar  (c)  re- 
volving in  the  same  direction  in  space,  will  appear  to  the  spectator 
looking  at  that  end  to  move  from  left  to  right ;  and  as  the  polarity 
depends  upon  the  direction  of  the  current  with  respect  to  the  axis 
at  the  extremity,  the  polarity  of  B  will  be  the  reverse  of  that  at  c, 
and  the  same  as  that  of  B,  but  the  polarities  of  c  and  a  will  be  the 
same.     Precisely  the  same  consequences  must  follow  upon  the 
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fracture  of  a  magnetic  bar ;  eacli  piece  becomes  a  perfect  magnet, 
the  polarities  of  the  fractured  ends  being  opposed  to  each  other. 

This  theory,  which  is  sustained  by  the  highest  mathematical 
investigation,  furnishes  a  satisfactory  explanation  of  all  the  mutual 
actions  of  magnets  and  electric  currents,  and  of  magnetic  and 
electro-magnetic  phenomena  in  general.  As  laid  down  by  Am- 
pere, however,  it  fails  to  account  for  dtamaonetic  actions.  To 
render  it  at  all  consistent  with  these,  it  has  been  assumed  that 
electric  and  magnetic  forces  might,  in  diamagnetic  matter,  induce 
currents  of  electncity  in  the  direction  the  reverse  to  those  in  mag- 
netic matter,  or  else  might  induce  currents  where  before  there 
were  none ;  whereas  in  magnetic  cases,  it  was  supposed  that  they 
only  constrained  particle  currents  to  assume  a  particular  direction, 
which  before  were  in  all  directions.  Others,  amongst  whom  is 
Weber,  have  made  an  addition  to  the  hypothetical  views  of  Ampere 
— ^viz.,  that  there  is  electricity  among  the  particles  of  matter  which 
is  not  thrown  into  the  form  of  a  current  until  the  magnetic  induc- 
tion comes  upon  it,  but  which  then  assumes  the  character  of  a 
current,  having  a  direction  contrary  to  that  of  the  currents  which 
Ampere  supposed  to  be  fklways  circulating  round  magnetic  matter, 
and  so  those  other  matters  are  rendered  diamagnetic. 

A  striking  experimental  distinction  between  a  magnet  and  a 
helix,  through  which  a  current  of  electricity  is  circulating,  has  been 
pointed  out  by  Faraday  (JSr.  Besear^y  3»»73)>  "'^iz* ' —  ' 

*  Whereas  an  unchangeable  magnet  can  never  raise  up  a  piece  of  soft  iron 
to  a  state  more  than  equal  to  its  own,  a  helix  can  develope  in  an  iron  core 
magnetic  lines  of  force  of  a  hundred  or  more  times  as  much  power  as  that 
possessed  by  itself  when  measured  by  the  same  means/ 

De  la  Eive  {Notices  of  the  Meetings  of  the  Hoycd  Instittition, 
vol.  i.  p.  458)  suggests  that  the  views  of  both  Ampere  and  Weber 
may  be  maintained,  by  supposing  that  all  atoms  of  matter  are 
endowed  with  electrical  currents  of  a  like  kind,  which  move  about 
them  for  ever,  without  diminution  of  their  force  or  velocity,  being 
essentially  pturt  of  their  nature.  The  direction  of  these  currents 
for  each  atom  is  through  one  determinate  diameter,  and  may  there- 
fore be  considered  as  the  axis.  When  they  emerge  from  the  body 
of  the  atom  they  divide  in  all  directions,  and  running  over  every 
part  of  the  surface,  converge  towards  the  opposite  end  of  the  axis 
diameter,  and  therefore  re-enter  the  atom  to  run  for  ever  through 
the  same  course,  The  converging  and  divei^g  points  are,  as  it 
were,  poles  of  force. 

Where  the  atoms  of  matter  are  dose  or  numerous  in  a  given 
space,  the  hypothesis  then  admits  that  several  atoms  may  conjoin 
into  a  ring,  so  that  their  central  or  axial  currents  may  run  one 
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into  the  other,  and  not  return,  as  before,  over  the  surface  of  each  ' 
atojXL.  These  form  the  mohcidea  of  magnetic  mattery  and  represent 
Ampere's  hypothesis  of  molecular  currents.  When  the  atoms, 
being  fewer  in  a  given  space,  are  farther  apart,  or  where,  being 
good  conductors,  the  current  runs  as  ^freely  over  the  surface  as 
through  the  axis,  then  they  do  not  form  like  groups  to  the  mole- 
cules of  magnetic  matter^  but  are  still  considered  subject  to  a 
species  of  induction  by  the  action  of  external  magnets  and  currents^ 
and  so  give  rise  to  Weber's  reverse  currents. 

(155)  T^^*^^^y**  Investiffations. — To  test  and  measure  the 
magnetic  forces,  Faraday  employed  the  induced  magneto-electric 
current'  The  amount  of  current  induced  he  found  to  be  pre- 
cisely proportionate  to  the  amount  of  lines  of  magnetic  force 
(65, 4),  intersected  by  a  mov- 
ing wire,  in  which  the  elec-  p. 
trie  current  is  generated  and 
appears.  Thus  on  introducing 
a  bar-magnet  into  the  loop 
(Fig.  217),  and  leaving  it 
there,  a  deflection  of  8^  was 
constantly  produced  at  the 
galvanometer;  txoo  introduc- 
tions (the  electric  cmTent 
being  broken  by  removing  one 
or  other  of  the  terminals  of 

the  loop  from  the  mercury  cup  of  the  galvanometer  previous  to 
removing  the  magnet)  produced  a  deflection  of  1575°  5  three, 
23'87°;  and  four,  31*66°. 

The  magnetic  forces  are  distributed  in  and  round  a  bar-magnet 
in  the  simplest  and  most  regular  manner,  so  that  any  wire  or  line 
proceeding  from  a  point  in  the  magnetic  equator  of  the  bar,  so  as 
to  pass  through  the  magnetic  axis  to  a  point  on  the  opposite  side 
of  the  magnetic  equator,  must  intersect  aU  the  lines  in  the  plane 
through  which  it  passes ;  and  a  wire  proceeding  from  the  end  of  a 
magnet  at  the  magnetic  axis  to  a  point  in  the  magnetic  equator, 
must  intersect  curves  equal  to  half  those  of  a  great  plane,  however 
small  or  great  the  lenglJi  of  the  wire  may  be.  But  a  wire  from 
pole  to  pole,  passing  close  to  the  equator,  has  no  electric  current 
induced  in  it  when  revolved  round  the  magnet,  because  it  inter- 
sects half  of  the  external  lines  of  force,  in  a  great  plane  ttoice  in 
opposite  directions. 

When  wires  of  different  metals  are  moved  across  the  lines  of 
force  of  a  magnet,  the  currents  induced  in  these  different  bodies  are 
proportional  to  their  electro-conducting  power.    Thus  loops  of— 
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By  the  term  ^magnetic  polarity,^  Faraday  understands  'the 
opposite  and  antithetical  actions  which  are  manifested  at  the  oppo- 
site ends  of  a  portion  of  a  line  of  niagnetic  force.'  But  this  cannot 
be  correctly  exhibited  in  every  case  by  attractions  or  repulsions, 
which  are  affected  by  circumstances.  Li  a  field  of  equal  magnetic 
force  a  magnetic  needle  can  show  no  polarity,  as  the  very  fact  of 
pointing  implies  the  disturbance  of  the  equality  of  arrangement  of 
force.  A  wire,  however,  moving  across  the  line  of  force  shows 
the  full  amount  of  magnetic  power  without  in  the  least  disturbing 
the  disposition  of  the  power. 

To  these  lines  of  magnetic  force  Faraday  assigns  a  true  physical 
character.  They  are  essentially  dtjud  in  their  nature,  the  tWo 
opposite  magnetic  forces  being  mutually  related ;  and  as  in  static 
electrical  induction,  one  electricity  cannot  exist  without  a  relation 
to  equality  with,  or  dependence  on,  the  other,  so  in  magnetism  an 
absolute  charge  of  N.  or  S.  polarity  is  also  an  impossibility.  In  a 
bar-magnet  the  outer  forces  at  the  poles  are  related  to  each  by 
curved  lines  through  space,  and  although  by  approaching  a  second 
magnet  the  disposition  of  those  second  lines  may  be  changed,  yet 
their  sum  remains  unaltered.  That  the  lines  of  force  are  closed, 
curves  passing  in  one  part  of  their  course  through  the  magnet, 
and  in  the  other  part  through  the  space  around  it,  is  proved  by  the 
moving  wire ;  and  this  fact  is  considered  by  Faraday  as  implying 
that  such  lines  have  a  physical  existence. 

(i  56)  Analogry  between  tlie  Electric  and  Magn^tlo  Forces. 
— As  far  as  regards  the  disposition  of  the  external  lines  of  force, 
the  analogy  between  a  magnet  and  an  insulated  voltaic  battery  is 
perfect ;  but  in  the  battery  the  liifes  of  force  are  not  continued 
internally,  as  is  the  case  with  a  magnet ;  consequently,  on  separat- 
ing the  battery  in  the  middle  no  charge  appears  there,  nor  any 
origin  of  new  lines  of  inductive  force,  but  the  two  divided  portions 
remain  in  opposite  states,  or  absolutely  charged ;  in  the  magnet, 
on  the  other  hand,  there  is  on  division  a  development  of  new 
external  lines  of  force,  and  no  absolute  charge  of  nartkness  or 
southness,  because  the  lines  of  force  are  continuous  through  the 
body  of  the  magnet. 

It  has  been  shown  by  Ampere  and  Davy  that  an  electric  current 
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has  a  tendoDcy  to  elongate  itself,  but  a  magnetic  '  axis  of  power ' 
has  a  tendency  to  shorten  itself ;  again,  Uke  electric  currents  attract  . 
each  other,  but  like  magnetic  lines  of  force  exercise  mutual  repul- 
sion- Now  these  tendencies  seem  at  first  not  analogies  but  con- 
trasts, but  they  coincide  when  it  is  considered  that  the  two  axes  of 
^  power  are  at  right  angles  to  each  other,  and  viewed  in  this  way 
the  probable  oneness  of  condition  of  the  electric  and  magnetic  forms 
of  power  appears  in  abundant  instances.  Thus,  unlike  magnetic 
lines  when  end  on,  as  when  similar  poles  are  face  to  face,  repd ; 
unlike  electric  currents,  when  in  the  same  relation,  repel  also ;  like 
magnetic  forces,  when  end  on,  coalesce ;  Uke  electric  forces  do  the 
same ;  like  electric  currents,  end  to  end,  do  not  add  to  their  sums  ; 
the  quantity  of  electricity  circulating  in  a  battery  is  not  increased 
by  adding  to  the  number  of  the  plates ;  and  like  magnetic  lines  of 
force  do  not  increase  each  other ;  lastly,  like  currents  side  by  side 
(a  voltaic  battery  with  large  plates  compared  with  one  with  small 
plates)  add  their  quantities  together,  and  Uke  magnetic  forces  do 
the  same. 

(157)  Places  of  no  Mairnetic  Action* — Faraday  arranged  six 
electro-magnets,  so  that  their  like  poles  were  together  in  such  a 
manner  as  to  include  a  cubical  chamber  (Fig.  218) ;  in  this  cham- 
ber he  hung  a  small'magnetic  needle, 
but  neither  it,  nor  a  crystal  of  bis-  Fig.  a,8. 

muth,  gave  any  indications  of  mag- 
netic power;  iron  filings  sprinkled 
on  a  card  were  introduced,  but  they 
were  not  affected  at  the  middle  part, 
but  only  near  the  partly  open  angles. 
A  ring  helix  of  many  convolutions 
was  likewise  rotated  in  this  chamber, 
but  no  inductive  current  was  mani- 
fested by  a  delicate  galvanometer 
with  which  it  was  connected.  The 
cubical  space  included  by  these  similar  poles  was,  therefore,  per- 
fectly destitute  of  magnetic  properties,  though  surrounded  by  a  high 
intensity  of  magnetic  power ;  its  condition  was  analogous  to  that  of 
the  space  presented  within  a  metallic  globe  or  cylinder  charged 
with  electricity;  and  as  in  this  case  there  is  no  electiicity  within  the 
globe  or  cylinder,  because  that  necessary  connection  and  dependence 
of  the  electric  dwds  which  is  essential  to  their  nature  cannot  be,  so 
in  the  case  of  the  magnet,  there  is  no  appearance  of  magnetic  force 
in  the  cubical  chamber,  because  the  duals  are  not  both  there  at 
once,  and  one  cannot  be  present  without  the  other.  A  bar-magnet, 
according  to  Faraday's  view,  is  a  source  of  dual  power;  its  dualities 
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beinfr  especially  related  to  each  other,  and  incapable  of  existing  but 
,  by  that  relation,  which  externally  is  through  the  space  apound  the 
magnet,  and  consists  of  closed  cuires  of  magnetic  force.  That  the 
space  is  not  magnetically  dark  is  proved  by  the  fact,  that  when  it 
is  occupied  by  bodies  such  as  copper,  mercury,  &c.,  they  produce 
magneto-electric  currents  when  moved.  The  same  magnet  can 
hold  different  charges,  as  the  medium  connecting  its  poles  varies ; 
and  so,  one  fully  charged  with  a  good  medium  (such  as  iron) 
between  its  poles,  falls  in  power  where  the  iron  is  replaced  by  air, 
or  by  space,  or  by  bismuth.  The  magnet  could  not  exist  without 
a  surrounding  medium  or  space,  and  would  be  extinguished  if 
deprived  of  it,  and  w  extinguished  if  the  space  be  occupied  ad- 
versely by  the  dual  power  of  a  dominant  magnet  of  sufficient 
force.  The  polarity  of  each  line  of  force  is  in  the  same  direction 
throughout  the  whole  of  its  closed  course.  Pointing  in  one  direc- 
tion or  another  is  a  differential  action  due  to  the  convergence  or 
divergence  of  the  lines  of  force  upon  the  substances  acted  on^ 
according  as  it  is  a  better  or  worse  conductor  of  the  magnetic  force 
(PAt7.  7Vaw«.,Feb.  1855). 

(158)  Faraday's  PreUmliiary  Bzperiments  on  Blectro- 
macmetlc  Action. — ^Whilst  engaged  on  experiments  to  ascertain 
the  position  of  the  magnetic  needle  relative  to  the  conducting  wire, 
Faraday  (^Quart.  Jour,  of  Science,  vol.  xii.  p.  74)  was  led  to  some 
new  views  of  electro'-magnetic  action.  On  placing  the  wire  per- 
pendicularly, and  bringing  the  needle  towards  it  to  ascertain  the 
attractive  and  repulsive  positions  with  regard  to  the  wire,  he 
foimd  them  to  be  eight — t'ioo  attractive  and  tioo  repulsive  for  each 
pole.  Thus  allowing  the  needle  to  take  its  natural  position  across 
the  wire,  and  then  drawing  the  support  away  from  the  wire  slowly, 
so  as  to  bring  the  N.  pole  for  instance  nearer  to  it,  there  was 
attraction,  as  was  to  be  expected ;  but  on  continuing  to  make  the 
needle  come  nearer  to  the  v^re,  repuMon  took  place,  though  the 
wire  was  still  on  the  same  side  of  the  needle.  If  the  wire  was  on 
the  other  side  of  the  same  pole  of  the  needle,  it  repelled  it  when 
opposite  to  most  parts  between  the  centre  of  motion  and  the  end, 
but  there  was  a  small  portion  at  the  end  where  it  attracted  it. 

On  making  the  wire  approach  perpendicularly  towards  one  pole 
of  the  needle,  the  pole  passed  off  on  one  side  in  that  direction, 
which  the  attraction  and  repulsion  at  the  extreme  point  of  the 
pole  gave ;  but  if  the  wire  were  made  continually  to  approach  the 
centre  of  motion  by  either  the  one  or  the  other  side  of  the  needle, 
the  tendency  to  move  in  the  former  direction  diminished.  It  thus 
became  null,  and  the  needle  was  quite  indifferent  to  the  wire ; 
ultimately  the  motion  was  reversed,  and  the  needle  powerfully 
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endeavoured  to  pass  the  opposite  way.  From  this  it  was  evident 
that  the  centre  of  the  active  portion  of  either  limb  of  the  needle 
(or  the  true  pole,  as  it  may  be  called),  is  not  at  the  extremity  of  the 
needle,  but  may  be  represented  by  a  point  generally  in  the  axis  of 
the  needle  at  some  little  distance  from  the  end.  It  was  evident, 
also,  that  this  point  had  a  tendency  to  revolve  round  the  wire, 
and  necessarily  therefore  the  wire  round  the  point ;  and  as  the 
same  effects  in  the  opposite  direction  took  place  with  the  other  pole, 
it  was  evident  that  each  pole  had  the  power  of  acting  on  the  wire 
by  itself,  and  not  as  any  part  of  the  needle,  or  as  connected  with 
the  opposite  pole. 

In  Fig.  219,  sections  of  the  wire  in  its  different  positions  to  the 

Fig.  419. 
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Fig.  220. 


needle  are  represented — ^the  active  poles  by  two  dots,  and  the 
arrow-heads  show  the  tendency  of  the  wire  in  its  positions  to  move 
round  these  poles. 

From  these  facts,  it  follows  that  both  attraction  and  repulsion 
of  conducting  wires  are  compound  actions ;  that  there  is  no  attrac- 
tion between  the  wire  and  either  pole  of 
the  magnet;  and  that  the  wire  ought  to 
revolve  roimdthe  magnetic  pole,  and  the 
magnetic  pole  round  the  magnet. 

(159)  Slectro-magrnetic  Rotations. — 
By  the  following  experiments  Faraday 
proved  this  to  be  really  the  case : — 

(a)  notation  of  a  Magnetic  Pole  round  a  Con' 
ducting  Wire. — ^The  magnet  n  «  (Fig.  220)  is  at- 
tached by  a  thread  to  the  bent  copper  wire  d  c, 
which  passes  through  the  bottom  of  a  cup  nearly 
filled  with  mercury ;  a  b  is  another  copper  wire 
through  which  a  voltaic  current  may  be  trans- 
mitted-through  the  mercury.  If  the  current  be 
made  to  descend,  the  N.  pole  of  the  magnet 
begins  to  rotate  round  the  wire  a  b,  passing  from  b 
through  8  to  w,  that  is,  in  the  direction  of  the 
hands  of  a  watch ;  but  if  the  current  ascends,  the  line  of  rotation  is  reversed. 
(b')  Rotation  of  a  Conducting  Wire  round  a  Magnet, — ^This  is  realized  by 
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the  little  apparatus  shown  in  Fig.  221.  The  magnet  passes  through  the 
bo'ttom  of  a  wooden  cup  containing  mercury,  its  pole  just  rising  above  the 
surface  of  the  metal.  A  glass  cylinder  is  cemented  into  the  cup,  on  the  top 
of  which  is  a  wooden  cap  surmounted  by  a  mercury  cup ;  a  wire  passes 
through  the  bottom  of  this  cup  having  a  hook  at  the  end,  from  which  depends 
the  conducting  wire.  On  transmitting  the  current  through  this  moveable 
conductor,  it  immediately  begins  to  revolve  round  the  magnetic  pole.  Both 
phenomena  may  even  be  exhibited  in  the  same  apparatus ;  and  if  both  mag- 
net and  conducting  wire  be  made  moveable,  both  will  revolve  in  the  same 
direction  round  a  common  centre  of  motion,  each  appearing  to  pursue  and 
be  pursued  by  the  other. 


Fig.  ZZ2. 


Fig.  121. 


(c)  Rotation  of  a  Magnet  round  it»  own  Axis. — To  effect  this,  the  current 
after  traversing  one  half  of  the  magnet  must  be  diverted  from  its  course 
and  made  to  pass  away  in  such  a  direction  so  that  it  shall  not  affect  the 
lower  half.  The  reason  for  this  is  evident  Suppose,  e.g.,  a  current  be 
made  to  descend  a  magnet  placed  vertically,  its  N.  pole  being  uppermost,  it 
would  tend  to  urge  that  pole  round  from  left  to  right ;  but  its  influence  on 
the  S.  pole  would  be  just  the  reverse,  tending  to  urge  it  from  right  to  left. 

Ampere  was  the  first  to  demonstrate  the  rotation  of  a  magnet  round  its 
own  axis.  A  convenient  apparatus  for  the  purpose  was  contrived  by 
Mr.  Watkins,  and  is  shown  in  .Fig.  222.  The  magnet  is  finely-pointed  at 
each  end ;  the  lower  point  rests  in  an  agate  cup ;  the  upper  end  turns  in  a 
hole  made  in  a  vertical  screw  with  a  milled  bead  to  turn  it  by.  The  current 
is  transmitted  through  the  lower  half  of  the  magnet  by  establishing  com- 
munication between  the  two  terminals  of  the  battery  and  the  two  mercury 
cups,  shown  in  the  figure.  These  mercury  cups  are  in  metallic  connection 
with  circular  cisterns  containing  mercury,  into  which  bent  wires  attached 
to  the  magnet  dip. 

(d)  Rotation  of  a  Conducting  Body  round  its  own  Axi9.-^Two  circular 
wooden  troughs  are  firmly  fixed  by  screws  on  the  arms  of  a  strong  horse- 
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shoe  magnet  (Fig.  223).  These  troughs  are  aUed  with  mercury.  Into 
holes  m  the  centre  of  the  encU  of  the  magnet  two  conical  wires  are  inserted, 
which  are  affixed  in  the  centre  of  two  hemispherical  cups  united  to  copper 
cylinders,  the  wires  of  which  are  formed  into  points  which  dip  into  the 
mercury  contained  in  the  circular  troughs.  Upon  the  top  of  each  hemisphere 
18  a  metallic  cup  to  hold  mercury.  Other  cups  for  holding  mercury  are  sup- 
ported on  the  external  ends  of  bent  wires,  which  pass  through  the  sides  of 
the  circular  troughs  into  the  mercury  contained  therein.  On  transmittinff 
the  voltaic  current  down  the  two  cylinders,  they  immediately  commence 
revolving  in  opposite  directions;  but  if  the  two  upper  cups  be  united  by  a 
wire,  and  the  lower  cups  connected  with  the  opposite  ends  of  the  battery,  the 


Fig.  xaj. 
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same  current  will  traverse  both  sides  of  the  apparatus,  up  one  cylinder  and 
down  the  other,  and  the  rotations  will  now,  from  the  contrary  influence  of 
both  poles,  be  in  the  same  direction  in  both  cylinders. 

(«)  Rotation  of  a  Voltaic  Battery  round  the  Pole  of  a  Magnet.-^U  is  not 
the  wire  only  connecting  the  terminal  plates  of  a  voltaic  battery  that  pos- 
sesses electro-magnetic  properties;  the  magnetic  needle  is  equally  affected 
when  suspended  over  the  battery  itself,  or,  in  other  words,  eveiy  part  of  the 
circuit  exhibits  the  same  electro-magnetic  properties;  and  as  action  always 
implies  equal  and  corresponding  reaction,  the  magnet  may  be  supposed  to 
have  a  Undency  to  move  the  battery,  equal  to  that  which  the  battery  has  to 
move  it.  This  tendency  was  first  demonstrated  by  Ampfere  in  the  manner 
shown  in  Fig.  224,  where  a  small  cylindrical  double  copper  vessel  is  repre- 
sented as  poised  on  either  pole  of  a  strong  horseshoe  magnet ;  each  copper 
vessel  contains  an  open  cylinder  of  zinc,  poised  on  points  on  the  arms  of  the 
copper  vessels.  On  pouring  dilute  sulphuric  acid  into  the  copper  cylinders, 
all  four  commence  revolving  on  their  axes,  the  copper  vessels  in  opposite 
directions,  and  each  zinc  cylinder  in  a  contrary  direction  to  the  copper  in 
which  it  is  inserted. 

(i6o)  Magnetic  Praperties  of  tbe  Voltaic  Current. --The 
wire  connecting  the  extremities  of  a  voltaic  battery  possesses  the 
power  of  attracting  iron  filings  during  the  time  the  current  is 
passing  through  it,  and  small  needles  laid  across  the  wire  become 
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permanently  magnetized.  In  order  to  give  the  current  its  full 
magnetizing  efficacy,  it  should  be  made  to  pass  transrersely  round 
the  iron  or  steel ;  it  should  surround  it  in  the  form  of  a  helix. 
Here  again  we  find  the  polarity  given  to  the  needle  to  depend  on 
the  direction  of  the  turns  of  the  helix.  If  it  be  dextrorsai,  the 
N.  pole  is  formed  at  the  end  at  which  the  current  enters  5  if  the 
helix  be  stnistrorsal,  the  S.  pole  is  formed  at  that  end. 

The  magnetizing  power  of  the  current  is  exerted  instantaneously, 
the  steel  bar  acquiring  the  utmost  magnetism  it  is  capable  of 
receiving  the  moment  the  circuit  is  completed.  The  application 
of  the  helix  to  the  magnetizing  of  large  steel  bars,  by  Ellas  of 
Haarlem,  has  been  alluded  to  in  a  previous  chapter  (64,  6).  By 
employing  a  band-spiral  of  copper  instead  of  a  helix,  Bottger 
(Pogg,  Ann.  vol.  Ixvii.  115)  magnetized  to  saturation,  a  bar  of  hard 
cast-steel  weighing  6  lbs.,  by  merely  passing  the  spiral  once 
backwards  and  forwards  along  the  bar. 

(161)  Bleotro-macmets. — When  bars   of  soft   iron  are  sub- 
mitted   to   the   in- 
Fig.Mj.  fluence  of  the  vol- 

taic current,  they 
acquire  a  very  high 
degree  of  magnet- 
ism; but  the  coet" 
citive  force — that  is, 
the  force  in  a 
magnetic  substance 
which  opposes  the 
separation  of  the 
two  magnetic  fluids, 
and  their  recom- 
bination when  sepa- 
rated— ^being  in  soft 
iron  very  small,  the 
magnetism  is  only 
temporary. 

The     ordinary   «r- 
raogement  of  the  horse- 
shoe electro-niagnet  is 
^  shown  in  fig.  225.  The 

copper  wire,  which  for 
large  bars  should  be 
very  stoat  and  well  covered  with  silk,  is  wound  a  great  number  of  times 
round  the  two  arms,  so  as  to  form  two  bobbins,  a  and  b.  It  must  turn  in 
the  same  direction  round  each  bobbin,  in  order  that  the  two  extremities  of 
the  baiTshould  acquire  opposite  polarities.    The  power  varies  with  the  size 
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of  the  cylinder,  the  intensity  of  the  current,  and  the  thickness  of  the  copper 
wire. 

With  regard  to  the  thickness  of  the  iron  har,  the  power  of  the  electro- 
magnet to  deflect  a  magnetic  needle  was  found  hy  Dub  to  be  proportional  to 
the  square  root  of  the  diameter  of  the  cylinder,  and  its  lifting  power  in  pro- 
portion to  its  simple  diameter.  , 

The  laws  which  govern  the  forces  of  electro-magnets  have  been 
investigated  by  Lenz,  Jacobi,  and  Midler. 

Let  M  denote  the  magnetic  force  of  the  electro-magnet : 
n  the  number  of  convolutions  of  wire : 
d  the  diameter  of  the  soft-iron  wire : 
Q  the  quantity  of  electricity  in  circulation : 
and  c  a  constant  multiplier : 
then 

iiL=icnQ  V~d~ 

This  law  only  holds  good  for  bars  of  iron  whose  length  is  con- 
siderably greater  than  their  diameter ;  for  feeble  currents  of  elec- 
tricity ;  and  under  the  supposition  that  the  number  of  convolutions 
of  wire  is  not  so  great  as  materially  to  diminish  the  influence  exer- 
cised by  the  outer  coils  upon  the  bar  of  iron.  These  conditions 
are  fulfilled  in  the  electro-magnets  used  for  telegraphic  purposes. 

It  will  be  noticed  in  the  above  formula  that  m  increases  directly 
as  a  and  as  n,  but  o.  decreases  as  n  decreases^  supposing  the  electric 
force  to  remain  constant.  Hence  it  is  evident  that  a  certain  pro- 
portion between  the  resistance  of  the  wire  and  that  of  the  remain- 
ing portions  of  the  circuit  must  be  preserved,  to  obtain  the  maximum 
magnetic  force.    This  relation  is  found  to  be  the  following : — 

'  When  the  resistance  of  the  coils  of  the  electro-magnet  is  equal  to  the 
resistance  of  the  rest  of  the  circuit,  i.  e.  the  conducting  wire  and  battery,  the 
magnetic  force  is  a  maximum.' 

The  experiments  of  Pfaff  gave  him  the  following  results 
(Peschel)  :— 

z.  The  amount  of  suspensive  force  is  immediately  dependent  on  the  in» 
tensity  of  the  electric  current  which  circulates  about  the  iron ;  and  the 
intensity  of  the  magnetism  excited  in  the  soft  iron  is  exactl}*^  proportional  to 
that  of  the  electric  current. 

2.  The  intensity  of  the  current  continuing  the  same,  the  magnet's  sus- 
pensive power  increases  with  the  number  of  turns  made  by  the  wire,  or  the 
total  effect  of  all  the  coils  is  equal  to  the  sum  of  their  effects  if  taken  singly. 

3.  The  attractive  force  of  an  electro-magnet  increases  as  the  mass  of  the 
iron  composing  it,  and  this  increase  is  proportional  to  the  diameter  of  the 
iron  cylinder,  their  lengths  being  equal. 

4.  The  purer  and  softer  the  iron,  and  the  more  homogeneous  the  mass,  the 
stronger  the  magnetism  it  is  capable  of  receiving. 

5.  The  form  of  the  iron  influences  its  suspensive  power.  Cylinders  carry 
greater  weights  than  rectangular  bars ;  and  a  hollow  cylinder  from  which 
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a  portion  has  been  cut  away,  so  as  to  fonn  a  long  horseshoe  magnet  when 
viewed  in  the  direction  of  its  axis,  but  a  very  short  one  if  taken  as  to  its 
height,  is  capable  of  receiving  a  very  great  suspensive  force ;  and,  lastly,  a 
slight  curvature  of  the  polar  surface  adds  considerably  to  its  power. 

Instead  of  coiling  the  wire  round  the  bobbins  in  one  continuous 
length,  it  is  better  that  the  total  length  of  wire  intended  to  be 
used  should  be  cut  into  several  portions,  each  of  which,  covered 
with  silk  or  cotton,  should  be  coiled  separately  on  the  iron ;  the 
ends  of  all  the  wires  are  then  collected  into  separate  parcels,  and 
made  to  communicate  with  the  battery,  care  being  taken  that  the 
current  shall  pass  along  each  wire  in  the  same  direction. 

With  regard  to  the  retention  of  power  by  an  electro-magnet 
after  the  voltaic  current  has  ceased  to  pass  through  the  helix 
surrounding  it,  it  was  discovered  by  Ritchie  that  when  the  electro- 
magnet is  very  short,  and  the  poles  near  each  other,  the  retaining 
power  with  good  soft  iron  is  exceedingly  small,  but  that  when 
the  magnet  is  very  long  the  retaining  power  is  considerable.  He 
found  also  that  a  short  electro-magnet,  though  its  lifting  power 
may  be  considerable,  is  incapable  of  inducing  permanent  magnetism 
on  an  unmagnetized  hojiseshoe  of  tempered  steel  5  while  an  electro- 
magnet of  four  feet  in  length,  though  of  no  greater  lifting-power 
than  the  small  one,  is  capable  of  inducing  a  very  considerable  per- 
manent effect. 

(162)  Sounds  produced  during  tbe  Magnetization  and 
Bemagnetization  of  Iton. — This  is  best  observed  by  resting 
the  end  of  a  long  iron  bar,  surrounded  with  a  coil  of  covered 
copper  wire,  on  a  sounding-board ;  it  thus  becomes  a  musical 
note,  and  may  be  heard  distinctly  through  a  large  room.  By 
suspending  an  iron  bar  so  that  it  could  vibrate  freely,  and  circu- 
lating the  voltaic  current  by  a  wire  so  arranged  as  not  to  touch 
the  bar,  and  breaking  and  renewing  battery-contact  rapidly,  Beat- 
son  elicited  sounds  as  loud  and  distinct  as  those  from  a  small  bell« 
He  ascertained  that  at  the  moment  the  sound  is  produced,  the 
metal  undergoes  a  sudden  expansion,  and  that  on  interrupting  the 
current  a  sudden  contraction  takes  place,  this  expansion  and  con- 
traction being  independent  of  that  produced  by  the  heating-power 
of  the  current.  The  effects  are  evidently  caused  by  a  molecidar 
disturbance  of  the  particles  of  the  metal  by  the  magnetic  inducing 
influence  of  the  current.  This  is  well  shown  by  an  experiment 
arranged  by  Grove,  in  which  a  glass  tube,  open  at  both  ends,  but 
protected  along  its  length  with  a  copper  jacket,  is  filled  with 
water  in  which  is  suspended  powdered  magnetic  oxide  of  iron. 
On  looking  through  the  tube  at  distant  objects,  a  considerable 
portion  bf  the  light  is  interrupted  by  the  heterogeneous  arrange* 
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ment  of  the  particles  of  oxide ;  but  on  passing  a  current  through 
a  coil  wound  round  the  tube,  these  particles  assume  a  symmetrical 
character,  and  much  m:)re  light  is  transmitted.  Tyndall  (Proc, 
ItoycU  Inst,,  vol.  iv.  part  iv.  p.  231)  refers  the  lengthening  of  an 
iron  bar  at  the  moment  of  magnetization  to  the  effort  and  partial 
success  of  the  granules  of  which  the  bar  is  composed  to  set  their 
longest  dimendons  parallel  to  the  axis  of  the  bar,  in  the  same 
manner  as  iron  filings,  whtch  are  virtually  so  many  little  rods 
of  iron,  when  shaken  over  a  paper  screen  placed  over  a  large  fiat 
magnet,  set  their  longest  dimensions  in  the  direction  of  the 
magnetic  curve. 

(163)  Bleotro-mavnetio  Bngrines.  —  The  prodigious  force 
which  electro-magnets  manifest  when  excited  even  by  feeble 
currents,  and  the  power  of  annulling  or  reversing  it  in  an  instant, 
might  seem  to  justify  a  hope  of  their  affording  a  motive  power  as 
energetic  and  more  economical  than  even  steam.  An  immense 
amount  of  inventive  talent  has  been  expended  in  attempts  to 
realize  this  hope.  These  attempts  have  however  shown,  as  Dr. 
Hobinson  observes,  that  electro-magnetic  engines  can  scarcely  ever 
be  a  cheap  or  a  very  efficient  source  of  power.  .Electricity  is  now 
known  to  have  a  definite  mechanical  equivalent.  The  zinc  and 
acid  required  to  produce  it  are  more  costly  than  the  coal,  which 
will  evolve  xsodynamic  heat,  and  the  hitherto-contrived  methods 
of  converting  electro-magnetism  into  moving  force,  involve  much 
more  loss  than  the  mechanism  of  the  steam-engine  does  in  respect 
of  heat.  It  may  be  added  that  the  great  magnetic  force  exists 
only  in  contact ;  on  the  least  separation  of  the  keeper  it  decreases 
rapidly,  not  merely  because  magnetic  force  follows  the  law  of  the 
inverse  squares  of  the  distance,  but  because  that  separation  destroys 
in  a  very  great  degree  the  actual  magnetism  of  the  magnet.  It 
must,  however,  be  kept  in  mind,  that  there  are  many  cases  where 
economy  is  of  less  consequence  than  facility  of  application  and  con- 
venience ;  in  such  cases,  therefore,  the  electro-magnetic  engine  may 
deserve  preference.  The  power,  moreover,  may  be  applied  without 
danger ;  the  machine  when  not  in  active  operation  is  perfectly 
quiescent,  and  it  may  be  placed  in  any  locality. 

A  series  of  experiments  on  the  appUcation  of  electro-magnetism 
as  a  motive  force  was  made  by  Dumont  {Comp,  HenduSf  Aug. 
1 851),  and  the  following  conclusions  were  deduced  from  them: — 

1.  That  althoagh  the  electro-magnetic  force  cannot  be  compared  to  the 
force  of  steam  in  the  production  of  great  power,  either  as  regards  the  abso- 
lute amount  of  power  produced  or  the  expense,  it  may  nevertheless  under 
certain  circumstances  be  usefully  and  practically  applied. 

2.  That  while  in  the  development  of  great  power  the  electro-magnetic 
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force  is  very  inferior  to  that  of  steam,  it  becomes  equals  and  even  snperior, 
to  it  in  the  production  of  <ma// forces,  which  may  thus  be  subdivided,  varied, 
and  introduced  into  trades  and  occupations  using  but  small  capitals,  where 
the  absolute  amount  of  mechanical  power  is  of  less  consequence  than  the 
facility  of  producing  it  instantaneously  and  at  will.  In  this  point  of  view  the 
electro-magnetic  force  assists  as  it  were  the  usefulness  of  steam,  in  the  place 
of  uselessly  competing  with  it. 

3.  Other  things  being  proportional,  electro-magnetic  machines  with  direct 
alternating  movement  present  a  great  superiority  over  rotating  machines, 
since  in  the  first  there  are  no  components  lost,  and  with  the  same  expense  a 
much  more  considerable  power  is  obtained  than  with  rotating  machines. 

4.  In  machines  of  direct  movement,  the  influence  of  the  currents  of  in« 
duction  appear  less  considerable  than  in  rotating  machines. 

The  first  electro-magnetic  engine  which  was  something  more 
than  a  mere  model  was  constructed  hy  Professor  Jacobi,  of  St. 
Petersburg,  in  1834.  1111838  he  succeeded  in  propelling  a  boat, 
containing  ten  or  twelve  persons,  on  the  river  Neva.  The  vessel 
was  a  ten-oared  shallop,  equipped  with  paddlewheels,  to  which 
rotatory  motion  was  communicated  by  an  electro-magnetic  engine. 
The  boat  was  28  feet  long  and  7  J  feet  in  width,  and  drew  2f  feet 
.  of  water.  At  first  there  was  great  difficulty  in  managing  the 
batteries,  and  the  imperfect  construction  of  the  engine  was  a  source 
of  frequent  interruption.  During  a  voyage  which  lasted  several 
days  the  vessel  went  at  the  rate  of  four  miles  per  hour*  In  1839 
Jacobi  tried  a  second  experiment  in  the  same  boat.  The  machine, 
which  was  the  same  as  that  used  on  the  previous  occasion,  and 
which  occupied  little  space,  was  worked  by  a  battery  of  64 
platinum  plates,  each  having  36  square  inches  of  surface,  and 
charged,  according  to  the  plan  of  Grove,  with  nitric  and  sulphuric 
acid.  The  boat,  with  a  party  of  fourteen  persons  on  board,  went 
offaind  the  stream  at  the  rate  of  three  miles  per  hour. 

In  Silliman^s  Jotjomal  (Nov.  1850)  the  fundamental  principle  of 
an  electro-magnetic  engine  of  considerable  power  is  thus  described 
by  Professor  Page : — 

'  It  is  well  known  that  when  a  helix  of  suitable  power  is  connected  with 
the  poles  of  a  battery  in  action,  an  iron  bar  within  it  will  remain  held  up  by 
induced  magnetism,  although  the  helix  be  placed  in  a  vertical  position ;  and 
if  the  bar  be  partly  drawn  out  of  the  helix  by  the  hand,  it  goes  back  with 
a  spring  when  the  hand  lets  go  its  hold.  This  power,  the  action  of  the  helix 
upon  the  metallic  bar  within  it,  is  the  power  used.  Vi  hen  a  single  coil  is 
used,  it  has  its  points  of  greatest  and  weakest  force,  and  in  this  condition  is 
objectionable.  But  by  making  the  coil  to  consist  of  a  series  of  short  inde* 
pendent  helices,  which  are  to  be  brought  into  action  successively,  the  metallic 
rod  is  made  to  pass  through  the  coil  and  back  again  with  great  rapidity  and 
with  an  equable  motion.  In  all  the  engines  hitherto  used,  there  is  a  loss  of 
power  at  the  instant  of  the  change  of  current,  owing  to  the  production  of  a 
secondary  current  in  the  opposite  direction ;  and  to  this  loss  is  owing  the 
fact  that  these  engines  cannot  be  rendered  available.' 
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Page  exhibited  one  of  his  engines,  of  between  4  and  5  horse 
power,  at  the  Smithsonian  Institute,  the  battery  to  operate  which 
was  contained  within  the  space  of  3  cubic  feet.  It  was  a  recipro- 
cating engine  of  2-feet  stroke ;  and  the  whole,  including  the  battery, 
weighed  about  i  ton.  Page  stated  that  the  consumption  of  3  lbs. 
of  zinc  per  day  would  produce  a  i -horse  power.  Joule's  estimate 
is  widely  different  5  he  calculates  that  in  an  electro-magnetic 
engine,  constructed  most  favourably  to  prevent  loss  of  power,  the 
consumption  of  zinc  per  24.  hours  to  produce  i -horse  power  is  in 
Grove's  battery  45  lbs.,  and  in  Darnell's  battery  75  lbs. 

Electro-magnetic  engines,  in  which  much  mechanical  ingenuity 
is  displayed,  were  invented  by  Fessel,  Bain,  Taylor,  Davidson, 
Talbot,  and  others,  but  in  none  of  them  has  the  idea  of  an  econo- 
mical working  source  of  power  been  realized.  Davidson's  engine, 
which  is  fully  described  in  the  Practical  Mechanics  atid Engineer's 
Magascmcy  Nov.  1842,  was  built  on  a  large  scale,  and  was  tried  by 
the  inventor  on  the  Edinburgh  and  Glasgow  Railway ;  it  weighed, 
with  its  carriage,  batteries,  &c.,  5  tons,  but  when  put  in  motion 
on  the  rails,  it  only  travelled  4  miles  an  hour,  thus  exhibiting  a 
power  less  than  that  of  a  single  man. 

Electro-motive  power  has,  however,  been  employed  very  suc- 
cessfully 'by  Gustavo  Froment,  an  eminent  astronomical  and 
mathematical  instrument  maker  of  Paris,  for  giving  motion  to 
machinery  for  performing  delicate  mechanical  work,  such  as  divid- 
ing-instruments, polishing  apparatus,  &c.  &c.  His  machine  is 
shown  in  Fig.  226,  and  is  thus  described  (TraiU  d^ Electriciti  ei  de 
Magn^tismCy  par  MM,  Becquerel)  : — 

M  K  is  a  cast-iron  frame  supported  on  a  base ;  it  contains  four  electro- 
magnets, through  whicli  anelectrical  current  conveyed  through  the  conductors 
attached  to  the  binding  screws  A  and  b  circulate.  These  electro-magnets 
are  intended  to  act  on  the  eight  soft -iron  armatures  arranged  round  the  cir- 
cumference of  the  cast-iron  wheel  o  i),  which  revolves  on  an  axis.  The  arma- 
tures pass  during  rotation  as  near  as  possible  the  poles  of  the  electro-magnets 
without  actually  touching.  The  apparatus  is  so  arranged  that  each  electro- 
magnet acts  successively  on  each  armature  as  it  approaches  near  to  its  poles, 
but  suspends  its  action  when  it  comes  immediately  opposite;  the  next 
electro-magnet  then  comes  into  action,  and  so  on ;  in  this  manner  a  series 
of  impulses  are  given,  by  which  continuous  rotation  is  imparted  to  the  wheel. 

This  is  accomplished  in  the  following  manner : — ^The  machine  carries  a 
distributer,  which  establishes  and  interrupts  the  current  at  a  given  moment^ 
but  does  not  change  its  direction.  The  distributer  is  composed  of  three 
little  communicating  wheels  fixed  on  a  circle,  a  b,  attached  to  the  cast-iron 
frame.  A  small  cam -wheel  fixed  on  the  axis  of  the  armature-wheel,  and 
moving  with  it,  raises  as  it  revolves  each  of  the  little  communicating  wheels, 
thus  producing  the  batterj^-contacts  necessary  for  working  the  machine. 
To  effect  this,  one  of  the  communicators  is  in  connection  with  the  two  lower 
electro-magnets,  and  each  of  the  others  with  one  of  the  side  electro- magnets. 
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The  circle  ahiaao  arranged  that  the  attractions  take  place  before  the  arma- 
tures have  arrived  at  the  central  part  of  each  electro-magnet. 

As  the  attractive  force  of  the  magnets  is  only  exercised  at  very  small 
distances,  it  is  useless  to  allow  the  currents  to  circulate  until  the  moment 
when  each  armature  comes  in  close  proximity  to  the  electro-magnet — hence 

Fig.  iz6. 


the  use  of  so  many  electro-magnets,  and  of  the  division  of  the  current  during 
each  revolution  of  the  wheel. 
The  form  of  the  communicating  wheels  is  shown  in  Fig.  227.    Metallic 


contact  between  the  branches  a  b,  c  d,  which  communicate  with  the  poles 
of  the  battery,  is  prevented  by  the  ivory  plate  f  ;  the  metallic  plate  c  d 
carries  a  little  ivory  wheel  a,  which  rolls  on  the  wheel  m,  and  it  is  only 
when  the  cam  N  passes  over  the  ivory  wheel  that  the  latter  establishes  an 
electrical  communication  between  b  and  d,  by  causing  the  plates  of  platinum 
with  which  they  are  furnished  to  come  into  contact  A  copper  screw  b  o, 
which  passes  through  a  nut  b,  fixed  in  the  ivory  plate  f,  traverses  the 
copper  plate  c  d  through  a  hole  without  touching  i^  and  comes  into  contact 
with  o,  thus  regulating  the  duration  of  the  contacts  between  b  and  i>. 


Digitized  by 


Google 


283 


PAET  VI. 

DIAMAGNETISM. 


Action  of  Magnetism  on  Light — Faraday's  Investigations — The  General 
Magnetic  Condition  of  Matter  —  Dianiagnetism  of  Gases  —  Action  of 
Magnets  on  Metals — Moditication  of  Magnetic  and  Diamagnetic  Action 
by  Mechanical  Arrangement — Diamagnetic  Polarity. 

(1*64)  Action  of  aXacmetUm  on  Klirlit. — ^By  the  following 
experiment  it  was  demonstrated  by  Faraday  that  when  the  *  line  of 
magnetic  force '  is  made  to  pass  through  certain  transparent  suh- 
stances  parallel  to  a  ray  of  polarized  light  traversing  the  same 
body,  the  ray  of  polarized  light  experiences  a  rotation  (Phil, 
Trans,,  Nov.  20,  1845)  * — 

A  ray  of  light  from  an  argand-lamp,  polarized  by  reflection,  was  passed 
through  a  NicoFs  prism  revolving  on  a  horizontal  axis.  Between  the 
polarizing  mirror  and  the  eyepiece,  the  poles  of  a  powerful  electro-magnet 
were  arranged.  The  poles  were  separated  from  each  other  about  two  inches 
in  the  direction  of  the  line  of  the  ray,  and  so  placed  that  if  on  the  same  side 
of  the  polarized  ray  it  might  pass  near  them,  or  if  on  the  contrary  side  it 
might  go  between  them — ^its  direcUon  being  always  parallel,  or  nearly  so,  to 
the  magnetic  lines  of  force.  A  piece  of  siUoated  borate  of  lead-glass  was 
placed  between  the  poles,  so  that  the  polarized  ray  should  pass  through  its 
length.  Th«  eyepiece  was  now  turned  in  such  a  position  that  the  image 
of  the  ray  was  invisible.  On  causing  a  voltaic  current  to  circulate  the  iron^ 
the  image  o/the  hxmp'jiame  became  visibky  and  continued  as  long  as  the  iron 
continued  magnetic,  but  on  stopping  the  current  the  light  instantly  dis- 
appeared. 

The  law  of  the  action  is  this :— • 

If  a  magnetic  line  of  force  be  gmng  from  a  N^pohj  or  coming 
from  a  S,  pole,  along  the  path  of  a  polarized  ray  coming  to  the 
observer,  it  toiU  rotate  that  ray  to  the  right  hand. 

Thus  supposing  Fig.  228  to  re-  ^-  ^^^- 


present  a  cylinder  of  glass,  the  line      /jT  V  TJv 

joining  N.  and  S.  is  the  magnetic     I  -j H  J 

line  of  force ;  and  if  a  line  he  traced      \J        -  7  \  J 

round  the   cylinder  with  arrow- 
heads on  it  to  represent  direction  (as  in  the  figure),  such  a  simple 
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model  held  up  before  the  eye  will  express  the  whole  of  the  law,  and 
give  every  position  and  consequence  of  direction  resulting  from  it. 
The  following  experiment  is  referred  to  by  Faraday,  as  clearly 
demonstrating  that  a  ray  of  light  may  be  electrified  and  the  elec- 
tric forces  illuminated:  — 

A  tube  was  filled  with  distilled  water  and  introduced  as  a  core  into  a  long 
helix  or  coil ;  it  was  placed  in  the  line  of  the  polarized  ray,  so  that  by 
examination  through  the  eyepiece  the  image  of  the  lamp -flame  produced 
by  the  ray  could  be  seen  through  it;  then  the  eyepiece  was  turned  until 
the  image  of  the  flame  disappeared,  and  afterwards  a  strong  voltaic  current 
was  sent  through  the  helix ;  the  image  of  the  flame  instantly  reappeared, 
and  continued  as  long  as  the  electric  current  was  passing  through  the 
helix;  on  stopping  the  current  the  image  disappeared.  When  the  current 
was  sent  round  the  helix  in  one  direction,  the  rotation  induced  upon  the  ray 
was  one  way ;  when  the  current  was  changed,  the  direction  of  the  rotation 
changed  likewise. 

The  apparatus  «hown  in  Fig.  229  was  constructed  by  Bottger 
for  the  illustration  of  these  novel  phenomena : — 

a  is  a  stand  supporting  a  pair  of  achromatic  Nicol's  prisms,  g  and/,  placed 
horizontally ;  between  these  there  is  placed  a  brass  tube,  some  2  or  3 

Fig.  ttg. 


lines  in  diameter  and  from  6  to  8  inches  long,  closed  at  both  ends  by 
plates  of  glass,  b  h ;  the  tube,  filled  with  any  double  reflecting  liquid— such  as 
tartaric  add,  oil  of  turpentine,  toluiion  of  sugar,  &c.— is  placed  in  the  axis  of 
a  hollow  helix,  c,  which  is  lined'  throughout  its  entire  length  with  a  thin 
cylinder  of  sheet-iron ;  the  projecting  terminals  of  the  helix  are  brought  bv 
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means  of  the  commutator,  d^  into  connection  with  the  poles  of  a  Grove's 
battery  of  6  or  7  pairs.  On  allowing  the  light  from  an  Argand  lamp,  i,  to 
pass  through  the  hindermost  prism,  and  thus  causing  a  raj  of  polarized 
light  to  traverse  the  solution  in  A  h,  it  will  be  observed  that  a  certain  posi' 
tion  may  be  given  to  the  front  moveable  prism,  g,  in  which  the  field  is  dark ; 
if  now,  by  completing  the  circuit,  the  galvanic  current  be  caused  to  traverse 
the  pile  in  such  a  manner  thf  t  it  enters  the  right-handed  helix  where  the 
polarized  ray  enters  the  refracting  liquid,  the  longitudinal  magnetic  axis 
coinciding  with  the  axis  of  the  ray,  or  in  other  words,  the  magnetic  N.  pole 
being  at  b,  and  the  S.  pole  at  A,  there  will  instantly  be  indicated  a  rotation 
of  the  plane  of  polarization  to  the  left,  the  field  no  longer  remaining  dark, 
but  becoming  of  a  reddish  hue,  the  phenomenon  remaining  constant  as  long 
as  the  circuit  is  closed.  On  inverting  the  current  by  means  of  the  commu- 
tator,  so  that  the  N.  pole  is  brought  to  A  and  the  S.  pole  to  6,  the  plane  of 
polarization  becomes  inverted  to  the  right,  the  field  at  the  same  time  be- 
coming of  a  bluish' green  tint. 

Taking  the  natural  rotating  force  of  a  specimen  of  oil  of  turpen- 
tine as.  a  standard  of  comparison^  Faraday  obtained  the  following 
results,  a  powerful  electro-magnet  being  employed,  with  a  con- 
stant difference  of  2^  inches  between  the  poles : — 

Oil  of  turpentine ii'8 

Heavy  glass . 6*0 

Flint-glass 28 

Rock-salt 2'2 

Water i-o 

Alcohol .  less  than  water. 

Ether  less  than  alcohol. 

The  rotatory  power  superinduced  by  magnetic  action  is  quite 
independent  of  that  which  the  substance  possesses  of  itself.  In 
oil  of  turpentine,  for  instance,  whichever  way  a  ray  of  polarized 
light  passes  through  this  fluid,  it  is  rotated  in  the  same  man- 
ner, and  rays  passing  in  every  possible  direction  through  it 
simuUaneouslyy  are  all  rotated  with  equal  force,  and  according  to 
one  common  law  of  rotation — ^i.e.  all  right-handed,  or  else  all  to 
the  left.  This  is  not  the  case  with  the  rotation  superinduced  on 
the  same  oil  of  turpentine  by  the  magnetic  or  electric  force ;  it 
exists  only .  in  one  direction — that  is,  in  a  plane  perpendicular  to 
the  magnetic  line;  and  being  limited  to  this  plane,  it  can  be  changed 
in  direction  by  a  reversal  of  the  direction  of  the  inducing  force. 
The  direction  of  the  rotation  produced  by  the  natural  state  is  con- 
nected invariably  with  the  direction  of  the  ray  of  light,  but  the 
power  to  produce  it  appears  to  be  possessed  in  every  direction,  and 
at  all  times,  by  the  particles  of  fluid.  The  direction  of  the  rota- 
tion produced  by  the  induced  condition  is  connected  invariably 
with  the  direction  of  the  magnetic  line  or  the  electric  curretvt,  and 
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the  condition  is  possessed  by  the  particles  of  matter,  but  slaictly 
limited  by  the  line  or  currents  changing  or  disappearing  with  it. 

,  (165)  Tbe  General  Magnetic  Condition  of  BCatter. — ^Previous 
to  the  communication  of  Faraday's  memorable  paper  on  ^  New 
Magnetic  Actions'  to  the  Koyal  Society  (Dec.  1845)?  it  ^^  sup- 
posed that  all  substances  might  be  magnetic  in  the  sense  of  iron, 
though  in  so  low  a  degree  as  to  be  inappreciable  by  our  present 
means  of  observation.  In  the  memoir  above  alluded  to,  however, 
Faraday  has  shown  that  this  is  by  no  means  the  case,  and  that 
there  is  a  large  class  of  substances  which,  though  amenable  to 
the  influence  of  powerful  magnets,  are  so  in  a  sense  absolutely  the 
reverse  of  that  of  iron. 

Thus,  let  w  s  (Fig.  230)  represent  the  poles  of  a  horseshoe  mag- 
net looking  down  upon  them  5  the 
space  between  the  poles  is  called 
^•*^°'  the  magnetic  JiM)  bodies  magnetic 

in  the  sense  of  iron,  if  suspended  in 
this  space,  take  up  a  position  with 
their  longest  diameters  parallel  to 
the  line  a  b,  which  is  called  the  axial 
line ;  bodies  magnetic  in  a  sense  the 
reverse  of  that  of  iron,  take  up  a 
position  with  their  longest  diameter 
parallel  to  the  line  c  d,  which  is 
called  the  equatorial  line. 
The  first  substance  submitted  by  Faraday  to  the  action  of  the 
magnetic  forces  was  heavy  silicated  borate  of  lead-glass.  A  bar  of 
this  substance,  2  inches  wide  and  ^  an  inch  thick,  was  sus- 
pended centrally  between  the  poles  of  a  powerful  horseshoe  electro- 
magnet ;  when  the  effect  of  torsion  was  over,  the  voltaic  current 
was  thrown  on,  the  bar  immediately  moved,  and  took  up  a  position 
across  the  line  of  magnetic  force  (equatorial).  On  being  displaced, 
it  returned  to  it,  and  this  happened  many  times  in  succession.  The 
reversal  of  the  poles  of  the  electro-magnet  caused  no  difference, 
the  bar  went  by  the  shortest  course  to  the  equatorial  position. 
Here  then  was  a  magnetic  bar  pointing;  E.  and  W.  instead  of  N. 
and  S.  If  the  bar  was  suspended  nearer  to  one  pole  than  to  the 
other,  it  was  repelled  from  the  nearer  pole ;  and  if  two  bars  were 
suspended,  each  near  the  opposite  pole,  both  were  repelled  by  their 
respective  poles,  and  thus  appeared  to  attract  each  other.  When 
a  cube  was  employed,  the  effect  was  repulsion  from  both  poles, 
and  recession  from  the  magnetic  action  on  either  side ;  and  when 
one  or  two  magnetic  poles  were  active  at  once,  the  courses  de- 
scribed by  the  glass  formed  a  series  of  curves,  which  Faraday  called 
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diamagnetic  curves  in  contradistinction  to  the  lines  called  magnetic 
curves,  and  the  borate  of  lead  and  bodies  which  act  like  it,  he 
calls  diamagnetic  substances^  in  contradistinction  to  iron  and  bodies 
which  comport  themselves  similar  to  it  in  the  magnetic  field,  and 
which  are  magnetic  substances. 

Faraday  submitted  a  great  number  of  substances,  solid  and  liquid, 
to  the  action  of  the  magnet,  the  liquids  being  enclosed  in  small 
glass  tubes  hermetically  sealed.  The  results  are  given  in  the  fol- 
lowing table : — 

Pointed  EquatoriaUy  (^Diamagnetic). 


Rock-crystal.  " 

Sulphate  of  lime. 

Sulphate  of  baryta. 

Sulphate  of  soda. 

Sulphate  of  magnesia. 

Alum. 

Muriate  of  ammonia. 

Chloride  of  lead. 

Chloride  of  sodium. 

Nitrate  of  potassa. 

Carbonate  of  soda. 

Iceland  spar. 

Oxalate  of  lead. 

Tartrate  of  potassa  and  antimony. 

Tartaric  add. 

Citric  acid. 

Water. 

Alcohol. 

Ether. 

Sugar. 

Starch. 

Gum-arabic. 

Wood. 

Ivory. 

Dried  mutton. 

Fresh  beef. 


Nitric  acid. 
Sulphuric  acid. 
Muriatic  acid. 
Solutions  of  alkaline  and 

earthy  salts. 
Glass, 
litharge. 
White  arsenic 
Iodine. 
Phosphorus. 
Sulphur. 
Resio. 
Spermaceti. 
Ca£feine. 
Cinchona. 
Margaric  acid. 
Wax  from  shell-lac. 
Olive  oil 
Oil  of  turpentine. 
Jet. 

Caoutchouc 
Dried  beef. 
Fresh  blood. 
Leather. 
Apple. 
Bread. 


Pointed  Axially  {Magnetic). 

Paper.  Sulphate  of  zinc. 

Sealing-wax.  Shell-lac. 

Fluor-spar.  Silkworm  gut. 

Peroxide  of  lead.  Asbestos. 

Plumbago.  Yermilion. 

China  ink.  Tourmaline. 

Berlin  porcelain.  CharcoaL 
Red  lead. 

Phosphorus  appears  to  stand  at  the  head  of  all  diamagnetic  sub- 
stances ;  its  pointing  may  be  verified  between  the  poles  of  a  common 
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magnet.  If  a  man  could  be  suspended  between  the  poles,  he  would 
point  equatorially,  for  all  the  substances  of  which  he  is  made 
possess  this  property. 

(i66)  BiamaffnetUm  of  Oa»e»,— It  was  discovered  by  Ban- 
calari  (Sept.  1847),  that  on  the  interposition  of  a  flanae  between 
the  poles  of  an  electro-magnet,  it  was  repulsed  at  the  instant  the 
electric  current  was  closed,  to  return  to  its  first  position  the  instant 
it  was  broken. 

On  repeating  this  experiment  with  a  powerful  electro-magnet, " 
Faraday  observed:  — i.  That  when  the  flame  of  a  wax    taper 
was  placed  so  as  to  rise  across  the  magnetic  axis,  it  assumed  the 
appearance  indicated  in  Fig.  231,  the  flame  being  compressed 

Fig.  231. 

^e-  »3a-  Fig.  in. 


between  the  points  of  the  poles.  2.  That  when  the  flame  was 
jaised  it  became  of  a  fish-tail  shape  (Fig.  232),  disposed  across 
the  magnetic  axis.  3.  That  when  the  flame  was  raised  until 
about  two-thirds  of  it  were  above  the  level  of  the  axial  line,  and 
the  poles  of  the  magnet  approached  within  0*3  of  an  inch  of  each 
other,  it  spread  out  on  each  side  of  the  axial  line,  producing  a 
double  flame  with  two  long  tongues,  as  shown  in  Fig.  233. 

By  repeating  and  extending  these  experiments,  Faraday  was  led 
to  the  discovery  that  common  air  has  a  decided  magnetic  action, 
and  that  hot  air  is  more  diamagnetic  than  cold  air.  When  a  cur- 
rent of  heated  air  is  caused  to  pass  from  an  ignited  platinum  wire 
directly  across  the  axial  line,  it  divided  into  a  double  stream, 
ascending  on  the  two  sides  on  making  the  magnet  active,  and  at 
the  same  time  a  descending  current  flowed  downwards  towards  the 
hot  wire.  When  a  stream  of  air,  artificially  cooled,  was  directed 
downwards  a  little  on  one  side  of  the  axial  line,  it  was  attracted 
towards  it — i.  e.  the  air  had  by  cooling  been  rendered  magnetic  in 
relation  to  air  at  the  ordinary  temperature. 
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.  Various  gases,  simple  and  compound,  were  examined  as  to  their 
magnetic  conditions  by  Faraday.  His  plan  was  to  cause  the  gases 
to  pass  either  upwards  or  downwards,  according  to  their  density, 
between  the  magnetic  poles ;  in  their  passage  they  were  made  to 
pass  over  bibulous  paper  moistened  with  strong  hydrochloric  acid, 
and  three  catch-tubes,  in  each  of  which  was  a  piece  of  bibulous 
paper,  moistened  with  ammonia,  were  adjusted,  one  immediately 
over,  and  one  on  each  side  of,  the  axial  line.  With  this  arrange- 
ment it  waa  easy  to  discover  any  effect  which  the  magnet  may 
exert  on  the  gas ;  if  no  effect  was  produced,  the  gas  would  pass 
into  the  central  tube  and  make  itself  manifest  by  the  wkUefume  of 
vapour  of  chloride  of  ammonium  which  would  there  be  formed  j^but 
if  the  gas  were  more  diamagnetic  than  air,  it  would  pass  into  one 
of  the  side  tubes,  in  which,  and  not  in  the  central  tube,  the  white 
fumes  would  be  visible.  In  this  way  it  was  proved  that,  in  rela- 
tion to  atmospheric  air,  the  following  gases  were  diamagnetic : — 
Nitrogen,  "hydrogen  (strongly  so),  carbonic  add,  carbonic  oxide, 
nitrous  oxide,  nitric  oxide,  olefiant  gas,  coal  gas,  sulphurous  add  gas, 
muriatic  add  gas,  hgdriodic  acidgas,Jluosilicon,  ammonia,  cMmine, 
iodine,  bromine,  and  cyanogen. 

The  most  striking  circumstances  in  these  experiments  were  the 
strongly-marked  diamagnetic  character  of  hydrogen,  and  the  feeble 
diamagnetic  condition  of  oxygen,  standing  as  it  does  in  this  respect 
far  apart  from  all  other  gaseous  substances. 

Oxygen,  indeed,  is  a  magnetic  substance,  its  magnetic  force 
being  in  proportion  to  its  density.  It  is,  in  the  air,  what  iron  is  in 
the  earth,  and  is  in  striking  contrast  with  the  nitrogen  which 
dilutes  it  in  the  atmosphere,  and  which  is  neither  magnetic  nor 
diamagnetic,  but,  magnetically  considered,  zero.  The  high  magnetic 
condition  of  oxygen  makes  atmospheric  air  a  magnetic  medium  of 
no  small  power,  which  must  be  taken  into  consideration  when 
experimenting  on  the  diamagnetic  condition  of  other  gases.  The 
discoveries  of  the  high  magnetic  condition  of  oxygen,  and  its  varia- 
tions with  variations  of  temperature  and  density,  suggested  to 
Faraday  an  explanation  of  the  cause  of  the  variations  of  the  mag- 
netic force  which  are  now  so  carefully  watched  on  different  parts 
of  the  surface  of  the  globe,  of  the  daily  and  annual  variations 
of  the  needle,  and  of  the  relations  between  the  aurora  borealis 
and  the  magnetism  of  the  earth.  (See  Faraday's  JExp.  Researches^ 
series  xxvi.  and  xxvii. ;  Phil  Trans.,  "Nov,  28,  1850.) 

(167)  Action  of  tlie  BCaffnet  on  BCetals.  —  For  examining 
the  action  of  magnetism  on  mfetals  the  apparatus  shown  in  Fig.  234 
was  employed  by  Pliicker.  The  metal  was  suspended  by  a  fine 
filament  at  any  required  position  with  regard  to  the  magnetic  poles, 
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and  surrounded  with  a  glass  case,  so  that  the  experiments  could  he 
made  either  in  a  still  atmosphere,  or  in  atmospheres  more  or  less 
charged  with  various  gases  and  vapours. 

Of  all  substances  hitherto  tried,  bismuth  appears  to  be  the  most 

eminently  diamagnetic, 
Fig-  »34.  although  its  movements 

are  rather  complicated 
(from  a  cause  subse- 
quently traced  out).  It 
is,  therefore,  well  suited 
for  showing  the  various 
phenomena  of  diamag- 
netism.  Each  particle 
of  the  metal  tends  to 
go  from  the  stronger  to 
the  weaker  parts  of  the 
magnetic  field.  This 
is  well  illustrated  by 
sprinkling  some  bis- 
muth powder  over  a 
piece  of  paper  laid  over 
the  pole  of  an  electro- 
magnet placed  verti- 
cally. On  exciting  the 
magnet,  the  powder  re* 
treats  in  both  direc- 
tions, inwards  and  out- 
wards, from  a  circular 
line  just  over  the  edge 
of  the  core,  leaving  the 
circle  clear ;  and  at  the 
same  time  showing  the 
tendency  of  the  particles  of  bismuth  to  move  in  aU  directions  from 
that  line  j  and  when  the  pole  is  terminated  by  a  cone,  a  clear  line 
can  be  traced  through  the  powder,  by  drawing  the  paper  on  which 
the  bismuth  is  sprinkled  over  the  cone. 

Copper  and  some  other  metals  (in  consequence,  probably,  of 
their  excellent  conducting  power  for  electric  currents)  exhibit  some 
remarkable  phenomena.  When  a  mass  of  copper  is  suspended 
between  the  poles,  it  first  advances  towards  the  axial  line,  as  if  it 
were  magnetic  ]  it  then  suddenly  stops,  and  takes  up  a  new  posi- 
tion, from  which  it  can  only  be  removed  by  the  application  of  some 
force.  Even  when  swinging  with  considerable  momentum  it  can 
be  caught  up  and  retained  at  will. 
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In  order  to  form  a  good  idea  of  the  arresting  power  of  these  induced  cur- 
rents, let  a  lump  of  solid  copper,  approaching  to  the  globular  or  cubical 
form,  weighing  from  ^  to  ^  a  pound, 
be  suspended  by  a  long  thread ;  let  a 

rapid  rotation  be  given  to  it,  and  then  Fig*  235^ 

let  it  be  introduced  into  the  magnetic  • 

field  of  a  powerful  electro- magnet,  as  I 

shown  in  Fig.  235 ;  it^s  motion  will  be  I 

instantly  stopped,  and  on  trying  fur-  ^-^ 

ther  to  spin  it  whilst  in  the  field  it  wKtL 

will  be  found  impossible.    Or  let  a  HB^ 

disc  of  copper  be  set  in  rapid  rotation 
and  then  suddenly  introduced  into  the 
magnetic  field,  its  rotation  will  be 
instantly  suspended. 

Faraday  submitted  various  metallic  salts  to  the  action  of  the 
magnet.  All  salts  and  compounds  containing  iron  in  the  basic  part 
were  found  to  be  magnetic  both  in  the  form  of  crystals  and  when 
in  solution :  yellow  and  red  ferrocyanide  of  potamum  were,  how- 
ever, both  diamagnetic  j  pure  sulphate  and  chloride  of  nickel,  in 
crystals  and  in  solution,  oxide  of  chromium  and  its  salts,  chromic 
acid  and  oxide  of  titanium,  and  the  salts  of  'manganese  were  mag- 
netic ;  the  salts  of  lead,  platinum,  palladium,  and  arsenic,  on  the 
other  hand,  pointed  equatorially,  as  did  also  chromate  ofpoUuh, 

An  interesting  set  of  results  was  obtained  by  filling  tubes  with 
ferruginous  solutions  of  different  degrees  of  strength,  and  suspoid- 
ing  them  in  similar  ferruginous  solutions,  also  of  different  degrees 
of  strength,  between  the  poles  of  a  powerful  electro-magnet. 
When  the  solution  in  the  tube  was  stronger,  or  contained  more 
iron,  than  that  in  the  glass  in  which  it  was  suspended,  it  pointed 
axiaUy ;  when  it  was  weaker,  or  contained  less  iron,  than  that  in 
the  glass,  it  pointed  equatorially ;  and  when  the  solutions  in  both 
tube  and  glass  were  of  the  same  degree  of  strength,  the  tube  was 
indifferent.  Iron  and  nickel  when  heated  to  a  degree  far  above 
that  required  to  render  them  insensible  to  an  ordinary  magnet,  still 
pointed  axially  between  the  poles. 

By  multiplying  these  experiments,  the  following  order  of  metals 
in  their  relation  to  the  magnetic  force  was  obtained  (0°  is  the 
medium  point  or  condition  of  a  metal  or  substance  indifferent  to 
the  magnetic  force)  :— 

Magnetic, 

Iron.  Cerium.' 

Nickel,  Titanium. 

Cobalt.  Palladium. 

Manganese.  Platinum. 

Chromium.  Osmium, 

u  2 
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Bismath. 
Antimony. 
Zinc 
Tin. 

Diamaffnetic, 

Silver. 
Copper. 
Gold. 
Arsenic. 

Cadmium. 
Sodium. 
Mercury. 
Lead. 

Uranium. 
Rhodium. 
Iridium. 
Tungsten. 

(168)  Tlie  snpposed  BCairne-orystallief  ana  Optie  AxMm 
Forces.— In  his  experiments  on  bismuth,  Faraday  has  noticed 
some  embarrassing  results;  e.  g.  taking  at  random  from  a  quantity, 
four  small  cast  cylinders  of  the  metal,  and  suspending  them  hori- 
zontally between  the  magnetic  poles,  the  first  pointed  cixiaUy,  the 
aecondequatariaUy,  the  third  equatorial  in  one  position,  and  Miquefy 
equatmial  if  turned  round  its  axis  50**  or  60%  the  fourth  equatoriaUy 
and  axiaUy  under  the  same  treatment ;  whilst  all  of  them  were 
repelled  by  a  single  magnetic  pole,  thus  showing  their  strong  and 
diamagnetic  character.  The  cause  of  these  variations  Faraday- 
traced  to  the  regularly  crystalline  condition  of  the  metallic  cylin- 
ders J  the  tendency  of  pointing  being,  that  the  line  joining  two 
opposite  solid  angles  of  the  crystalline  group  should  take  up  an 
axial  position,  and  his  experiments  led  him  to  the  conclusion  that 
there  exists  an  impelling  force  distinct  from  the  magnetic  and  the 
diamagnetic,  and  which  he  called  the  magne-crystcdlic  force.  The 
subject  was  minutely  investigated  by  Pliicker,  who  drew  from  his 
experiments  the  inference  that  there  exists  a  relation  between  the 
f<yrms  of  the  ultimate  particles  of  matter  and  the  magnetic  forces. 
According  to  Faraday's  view,  the  new  force  discovered  by  Pliicker 
is  an  optic  axis  force  exerted  in  an  equatorial  direction,  and  there- 
fore existing  in  a  direction  at  right  angles  to  that  which  produces 
the  magne-crystallic  phenomena;  both  forces,  however,  having 
relation  to  the  force  conferring  the  condition  of  crystalline  struc-  ♦ 
ture,  and  having  one  common  origin  and  cause. 

(169)  Moaiflcation  of  llCa§metie  and  Biamagrnetie  Action 
by  Meclianlcal  Afrangrement.— "The  experiments  of  Tyndall 
and  Knoblauch  do  not  confirm  the  law  announced  by  Pliicker,  that 
/  there  will  be  repulsion  or  attraction  of  the  optic  axis  by  the  poles 
of  a  magnet,  according  to  the  crystalline  structure  of  the  crystal: 
if  the  crystal  be  a  negative  one,  there  will  be  repulsion ;  if  a 
positive^  there  will  be  attraction.'  In  some  cases  they  found  this 
law  to  hold  good;  but  in  many  others  the  results  were  opposed 
to  it.  . 

The  following  experiment  is  quoted  to  show  that  the  deportment 
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of  crjstalline  bodies  in  the  magnetic  field  may  be  explained  with- 
out assuming  the  existence  of  the  '  optic  axis'  force : — 

*  Take  a  slice  of  apple  rather  thicker  than  a  penny-piece,  stick  through  it 
in  a  direction  perpendicalar  to  its  flat  surface  some  bits  of  iron  wire,  and 
hang  it  in  the  maf^netic  field ;  it  will  set  itself  equatoria]^  not  by  repulmouf 
bnt  by  the  attraction  of  the  iron  wires. 

*  Substitute  bits  of  bismath  wire  for  the  iron ;  the  apple  will  now  set  axial, 
nut  by  attraction,  bat  by  the  repulsion  of  the  bismuth.* 

Now  arrangement  is  conceivable  amongst  the  particles  of  a 
magnetic  or  a  diamagnetic  body  capable  of  producing  similar  effects ; 
and  if  the  magnetic  and  diamagnetic  forces  be  associated  with  the 
particles  of  matter,  the  inference  is  not  unreasonable  that  the 
closer  these  particles  are  aggregated,  the  less  will  be  the  obstruc- 
tion offered  to  the  transmission  of  the  respective  forces  through 
them. 

In  another  experiment,  Tyndall  and  Knoblauch  substituted  for  a 
crystal  of  sulphate  of  iron  a  model  made  of  carbonate  of  iron,  made 
into  a  paste  with  gum-water,  and  compressed  and  arranged  so  that 
the  line  of '  elective  polarity'  through  the  model  was  perpendicular 
to  the  length.  This  model,  though  magnetic,  and  strongly  at- 
tracted by  the  magnet,  actually  receded  from  it  when  made  to 
stand  between  the  flat-faced  poles  vhliquely.  In  the  same  way,  by 
using  bismuth  poioder  they  imitated  Faraday's  experiments  with 
crydcds  of  that  metal.  Now  as  by  reducing  the  substances  to 
powder  all  symmetry  of  crystalline  arrangement  is  destroyed,  and 
the  force  among  the  particles  which  makes  them  cohere  in  regular 
order  rendered  ineffective,  it  would  seem  that  magnetism  and  dia- 
magnetism  are  clearly  modified  by  mechanical  an*angement.  The 
general  principle  is  enunciated  in  the  following  law : — 

<  If  the  arrangement  of  the  component  particles  of  any  body  be  such  as  to 
present  different  degrees  of  proximity  in  different  directions,  then  the  line 
of  closest  proximity,  other  circumstances  being  equal,  will  be  that  chosen 
by  the  resp^tive  forces  for  the  exhibition  of  their  greatest  energy.  If  the 
mass  be  magnetic,  this  line  will  stand  axial,  if  diamagnetic  equatorial^ 

Both  experiment  and  speculation  seem  indeed  to  concur  in  pro- 
nouncing the  line  of  closest  proximity  among  the  particles  to  be 
that  in  which  the  magnetic  and  diamagnetic  forces  will  exhibit 
themselves  with  peculiar  energy,  thus  determining  the  position  of 
the  crystalline  mass  between  the  poles. 

(170)  Biamairnetlc  Polarity. — The  experiments  of  Weber  and 
of  Faraday  led  them  to  different  conclusions  on  this  point,  the 
former  having  satisfied  himself  that  he  had  proved  a  polarity  of 
bismuth  in  reverse  of  that  of  iron ;  and* the  latter  stating  that  he 
could  find  no  evidence  of  diamagnetic  polarity  either  in  his  own 
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experiments  or  in  those  by  Weber  and  Eeisch.  Von  Feilitsch,  on^ 
the  other  hand^  endeavoured  to  prove  {Pogg,  Ann.)  that  di«- 
magnetic  bodies  possess  a  polarity  the  same  as  that  of  iron. 

In  this  uncertain  state  of  the  subject,  the  investigation  was 
taken  up  by  TyndaU  {RepoH  of  the  British  Association,  1854; 
Bakerian  Lecture^  1855  ;  ^^i^-  Trans.,  1856).  For  examining  the 
question  of  the  polarity  of  diamagnetic  bodies,  the  plan  first  adopted 
was  to  cause  fixed  magnets  to  act  upon  a  moveable  bar  of  bismuth 
encircled  by  an  electric  current,  and  to  note,  from  the  deflections  of 
the  bar,  the  character  of  the  fofce  acting  upon  it.  The  bar  was 
suspended  with  great  delicacy  in  the  axis  of  a  helix  of  covered 
copper  wire.  Opposite  to  either  end  of  the  bar  was  placed  an 
electro.-magnetic  spiral,  enclosing  a  core  of  soft  iron.  The  spirals 
were  so  connected  together,  that  the  same  current  excited  both,  so 
that  the  same  magnetic  strength  was  developed  in  both  poles ;  and 
by  means  of  a  reverser  the  polarity  of  the  core  could  be  changed 
at  pleasure.  A  current  reverser  was  also  attached  to  the  helix 
enclosing  the  bismuth  bar,  so  that  the  current  from  the  battery 
could  be  caused  to  flow  through  it  in  either  direction.  The 
arrangement  is  shown  in  Fig.  236. 

Fig.  236. 


A  B  the  helix  enclosinfi^  the  bismuth  bar ;  Ms  the  ends  of  the  cores  of  the 
electro- magnets;  r'  the  current  reverser  of  the  spirals;  r  the  cun*ent  re- 
verser of  the  helix. 
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Fig.  257. 


^  On  sending  the  current  througli  the  helix  in  the  direction  in- 
dicated by  the  arrow,  the  magnets  being  so  excited  that  the  n  pole 
was  north  and  the  s  pole  south,  the  bar  moved  from  its  position 
and  came  to  rest  in  the  dotted  po- 
sition, being  manifestly  aUracted  by 
the  magnets.  On  reversing  the  poles 
of  the  magnets  the  bismuth  bar  in- 
stantly loosed  from  the  position  it 
previously  occjipied,  and  receded  from 
the  poles :  it  veas  now  repelled.  On 
changing  the  direction  of  the  current 
through  the  helix,  attraction  was 
again  manifested.  ^  In  all  cases 
where  the  bar  was  freely  moving  in 
any  direction  under  the  operation  of 
forces  acting  upon  it,  the  reversion 
either  of  the  current  at  the  helix  or 
the  polarity  of  the  core^  arrested  the 
motion  ;  approach  was  converted  into 
recession,  and  recession  into  approach.' 

Tyndall  subsequently  investigated 
this  subject  with  an  apparatus 
based  on  different  principles,  and 
constructed  (from  a  plan  furnished 
by  Weber)  by  Leyser,  of  Leipsic. 
The  diamagnetic  bar,  suitably  ex- 
cited, is  pennitted  to  act  upon  an 
astatic  system  of  steel  magnets,  and 
from  the  deflections  uf  the  system  the 
polarity  of  the  bar  is  inferred. 

The  apparatus,  and  the  working 
of  its  various  parts,  will  be  under- 
stood by  reference  to  Fig.  237.  bo, 
b'  0'  is  the  outline  of  the  rectangular 
case,  the  froiit  of  which  is  removed 
to  show  the  apparatus  within  ;  D  d' 
are  tbe  screw-holes  by  which  the 
box  is  firmly  fixed  to  the  wall ;  h  e, 
h'  e'  are  two  copper  wire  helices 
wound  round  two  brass  reels,  the 

upper  ends  of  which  protrude  from  H  to  G  and  from  h'  to  g'  ; 
w  w'  are  grooved  wheels,  to  the  string  of  which  are  attached  the 
cylinders  w,  w,  o,  p  of  the  body  to  be  examined ;  G  g'  is  a  cross- 
bar of  brass,  through  the  centre  of  which  the  screw  R  passes, 
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from  which  the  astatic  system  of  magnets  a  k  is  suspended  by  aHf. 
fibres ;  the  black  circle  in  front  of  the  magnet  s  n  is  a  mirror,  and 
the  rectangle  d  a,  ^  «'  is  the  outline  of  a  copper  damper^  which 
owing  to  the  currents  induced  in  it  by  the  motion  of  the  magnets, 
soon  brings  the  latter  to  rest,  and  thus  expedites  the  experiment 
The  following  are  the  details  of  an  experiment : — 

The  bismath  cylinders  were  3  inches  long  and  07  of  an  inch  in  diameter, 
and  were  chemically  pure.  A  current  from  a  single  cell  of  Grove's  battery 
being  caused  to  circulate  in  the  helices,  the  cylinders  remaiqing  in  their 
centres,  as  in  the  figure,  the  cross  wire  of  the  telescope  cut  the  number  650 
in  the  scale.  Turning  the  wheel  w'  so  as  to  raise  the  cylinder  m  n,  and  de- 
press  the  cylinder  o/),  the  magnet  promptly  moved,  and  after  some  08cilla> 
tions  took  up  a  new  position  of  equilibrium,  the  cross  wire  of  the  telescope 
then  cutting  670  on  the  scale.  Reversing  the  motion  so  as  to  place  the 
cylinders  again  central,  the  former  position,  65C3P,  was  assumed ;  on  turning 
further  in  the  same  direction,  so  as  toMepress  m  n  and  raise  oj9,  the  position 
of  equilibrium  of  the  magnet  was  at  the  number  630^. 

Hence  by  bringing  the  two  ends  n  and  o  to  bear  upon  the  astatic  magnet, 
the  motion  was  from  smaller  to  greater  numbers,  the  position  of  rest  being 
then  20°  greater  than  when  the  bars  were  centilil.  By  bringing  the  ends 
m  and  n  to  bear  upon  the  magnet,  the  motion  was  from  greater  to  smaller 
numbers,  the  position  of  rest  being  vP  less  than  when  the  bars  were  central. 

When  the  current  was  caused  to  flow  through  the  helices  in 
tlie  contrary  direction,  an  opposite  result  was  obtained.     Thus — 

The  bismuth  cylinders  being  in  the  centres  of  the  helices,  the  cross  wire 
of  the  telescope  cut  the  number  482  on  the  scale.  Turning  the  wheel  so  as 
to  raise  m  n  and  depress  o  />,  the  cross  wire  cut  468;  reversing  the  motion 
so  as  to  place  the  cylinder  again  central,  the  former  position  of  482  was 
assumed,  and  on  turning  further  in  the  same  direction,  so  as  to  depress  m  n 
and  raise  o.  />,  the  number  became  493.  In  this  case,  therefore,  the  first 
motion  was  from  greater  to  smaller  numbers,  and  the  last  from  smaller  to 
greater. 

Cylinders  of  copper,  antimony,  heavy  glass,  marble,  and  many 
other  substances,  were  8ubmitted»to  experiment  with  this  appara- 
tus, and  with  all  marked  deflections  were  produced.  Liquids, 
both  magnetic  and  diamagnetic,  were  included  by  Tyndall  in  this 
examination,  and  the  polarity  of  both  was  established. 
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PART  VII. 

MAGNETO-ELECTRICITY. 


Volta-  and  Magneto-electric  Induction — Arago*8  Rotations— Faraday's 
Researclies — Electric  Spark  from  the  Magnet — The  Magneto-electric 
Machine— Its  Applications — Induced  Currents — Electro-magnetic  Coil 
Machines— The  Induction  Coil — Phenomena  of  the  Induced  Current 

(171)  Znduetion  by  Voltale  Currents. — When  a  current  from 
a  single  pair  is  sent  through  a  metallic  wire,  it  induces  a  wave  of 
electricity  in  a  second  wire,  forming  a  complete  circuit,  and  placed 
parallel  to  it,  both  at  the  moment  when  contact  with  the  battery- 
is  made  and  when  it  is  broken ;  but  while  the  electricity  conttnties 
to  flow  through  the  first  or  inducing  wire,  no  inductive  effect  on 
the  second  wire  can  be  perceived. 

The  direction  of  the  induced  wave  produced  on  breaking  battery 
contact  is  the  reverse  of  that  produced  on  making  contact ;  in  the 
former  case  it  is  in  the  same  direction  as  the  battery  current,  in 
the  latter  case  it  is  in  the  opposite  direction. 

Let  a  considerable  length  of  silk*  covered  copper  wire  be  wound  round  a 
block  of  wood ;  and  let  a  second  similar  length  of  wire  be  arranged  as  a  spiral 
between  the  coils  of  the  first ;  let  the  ends  of  this  second  coil  be  connected 
with  a  small  helix  of  fine-covered  copper  wire  surrounding  a  small  glass 
tube,  in  the  axis  of  which  is  placed  a  common  sewing-needle.  On  causing 
the  current  from  a  simple  voltaic  circle  to  pass  through  the  first  coil,  and 
removing  the  needle  from  the  helix  before  breaking  contact  with  the  battery, 
it  will  be  found  to  be  magnetized.  Let  a  second  needle  be  introduced  into 
the  helix,  and  let  battery  contact  be  then  broken,  this  needle  will  also  be 
found  to  be  a  magnet,  but  with  its  poles  in  a  contrary  direction  to  those  of 
the  first  needle.  Let  the  needle  remain  in  the  helix  during  the  time  of 
making  and  breaking  battery  contact,  it  will  be  found  to  have  acquired  very 
feeble  magnetic  properties. 

(172)  BCas^etd-electric  Znauctlon. — Similar  waves  of  elec- 
tricity are  induced  in  wires  by  ordinary  magnets  without  the  in- 
tervention of  any  voltaic  arrangement.  Thus,  if  a  considerable 
length  of  covered  copper  wire  be  wound  round  a  pasteboard  cylinder, 
containing  in  its  axis  a  bar  of  soft  iron,  and  its  ends  connected 
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with  a  galvanometer,  the  needle  of  the  latter  will  be  affected  in 
one  direction  on  bringing  the  opposite  poles  of  two  strong  bar 
magnets  into  contact  with  the  ends  of  the  iron  bar  in  the  manner 

Fig.  138. 


shown  in  Fig.  238,  and  in  the  revei*se  direction  on  removing  the 
magnets.  Or,  rejecting  the  use  of  soft  iron,  if  the  ends  of  the 
helix  be  connected  with  a  galvanometer,  and  either  pole  of  a  strong 
bar  magnet  be  thrust  into  its  axis  (in  the  manner  shown  in  Fig. 

Fig.  439. 


439),  the  needle  will  be  immediately  deflected ;  it  will  soon,  how- 
ever, resume  its'  original  position ;  on  withdrawing  it,  a  second 
disturbance  of  the  needle  in  the  opposite  direction  will  take  place. 
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With  a  very  stroDg  magnet,  induced  currents  are  evinced  by  the 
galvanometer  by  bringing  the  magnet  near  but  not  touching  the 
end  of  the  helix. 

(173)  TerrestrtAl  Ma§meto-eleetric  Zadnetion. — When  a 
piece  of  pure  soft  iron  is  held  in  the  direction  of  the  dip  of  the 
needle,  it  becomes  jwo  tempore  a  magnet,  its  lower  end  acquiring 
a  N.  polarity ;  if  the  bar  be  inverted,  the  polarity  is  at  the  same  time 
changed.  If  such  a  bar  be  placed  in  the  axis  of  a  coil  of  wire,  the 
ends  of  which  are  connected  with  a  galvanometer,  held  in  the  line  of 
the  dip,  and  then  suddenly  inverted,  the  needle  is  deflected^  prov- 
ing the  evolution  of  a  current  of  electricity  from  the  magnetism 
of  the  earth.  With  a  somewhat  larger  coil  the  iron  bar  may  be 
dispensed  with,  and  by  causing  a  plate  of  copper  to  rotate  in  a 
horizontal  plane,  electric  phenomena  may  be  produced  without 
any  other  other  magnet  than  the  earth.  When  the  plate  revolves  - 
in  the  sa^ne  direction  as  the  hands  of  a  watch,  I^q  ciurent  of 
electricity  is  from  the  centre  to  the  circumference ;  when  in  the 
dontrary  direction,  the  current  is  from  the  circumference  to  the 
centre.  In  fact  it  has  been  shown  by  Faraday  that  it  is  a  conse- 
quence of  the  universality  of  the  magnetic  influence  of  the  earth, 
that  scarcely  any  piece  of  metal  can  be  moved  in  contact  with 
otherS;  either  at  rest  or  in  motion,  with  different  velocities,  or  in 
varying  directions^  without  an  electric  cur]:ent  existing  within 
them. 

(174.)  Bevelopment  of  Ma§metlsin  by  Rotation. — ^In  the 
year  1824,  Arago  conceived  the  idea  of  studying  the  oscillations 
of  ft  magnetic  needle  when  placed  above  or  near  any  body  what- 
ever. Having  suspended  a  magnetic  needle  above  a  metal,  or  even 
water,  and  caused  it  to  deviate  a  certain  number  of  degrees 
from  'its  normal  position,  it  began,  when  left  to  itself,  to  oscillate 
in  arcs  of  less  and  less  amplitude,  as  if  it  had  been  placed  in  a 
resisting  medium  ]  and  it  was  further  noticed  that  the  diminution 
in  the  amplitude  of  the  oscillations  did  not  alter  the  number  that 
were  performed  in  a  given  time. 

It  next  occurred  to  Arago  to  try  whether  the  needle  would  be 
dragged  along  by  rotating  the  plates  which  had  the  power  of 
diminishing  the  amplitude  of  its  oscillations.  This  conjecture 
was  confirmed  by  experiment,  for  on  causing  discs  of  various 
metals  to  revolve  with  different  velocities  imdemeath  a  needle 
suspended  by  a  fibre  of  silk,  a  sheet  of  paper  intervening  between 
the  needle  and  the  disc,  the  needle  was  drawn  out  of  the  magnetic 
meridian  the  instant  the  disc  began  to  revolve,  with  a  degree  of 
force  proportional  to  the  velocity  of  the  rotation ;  and  when  this 
was  very  rapid,  the  magnetism  of  the  earth  was  overpowered,  and 
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the  needle  continued  to  turn,  following  the  motion  of  the  disc. 
On  reversing  the  direction  of  the  rotation  of  the  disc,  the  needle 
gradually  returned  to  its  normal  position,  and  then  commenced  ro- 
tating in  the  contrary  direction.  It  was  further  noticed  by  Arago, 
that  when  the  plates  had  portions  cut  out  in  the  direction  of  the 
radii,  their  action  on  the  needle  was  diminished. 

When  a  circular  disc  of  copper  was  suspended  above  a  strong 
horseshoe  magnet,  placed  verticfdly,  with  its  poles  uppermost,  and 
made  to  revolve  rapidly  round  its  axis  of  symmetry,  Babbage  and 
Herschel  found  that  the  plate  began  to  turn  in  the  same  direction,  at 
first  slowly,  but  afterwards  with  an  increased  velocity.  When 
the  magnet  was  made  to  tiun  in  an  opposite  direction,  the  disc  of 
copper  changed  the  direction  of  its  motion  also.  Plates  of  various 
metals,  or  of  glass,  interposed  between  the  magnet  and  the  disc, 
did  not  sensibly  modify  the  results,  but  a  sheet  of  tissue  iron 
greatly  diminished  the  influence  of  the  magnet,  while  two  such 
plates  almost  destroyed  it.  Babbage  and  Herschel  also  found  that 
the  number  of  revolutions  performed  by  the  disc  in  a  given  time 
was  greatly  affected  by  cutting  the  plate  through  in  the  direction 
of  the  radii,  the  accelerating  forces  diminishing  with  the  number 
of  solutions  of  continuity  in  the  disc. 

Harris  found,  contrary  to  the  observations  of  Babbage  and 
Herschel,  that  large  masses  of  copper,  silver,  and  zinc  sensibly 
diminished,  and,  after  a  time,  arrested  altogether  the  motion  of 
the  revolving  disc. 

(175)  Faraday's  Xxplanation  of  Jlracro's  Botations. — All 
these  effects  have  received  a  satisfactory  explanation  from  the  dis- 
coveries of  Faraday.  He  has  shown  that  when  a  piece  of  metal 
or  conducting  matter  is  moved  across  the  lines  of  magnetic  force,* 
it  has,  or  tends  to  have,  a  current  of  electricity  produced  in  i% : — 

Thus,  if  N  (Fig.  240)  represent  a  magnetic  pole,  and  over  it  a  circuit  be 
formed  of  metal  of  any  shape,  and  which  at  first  is  in  position  c ;  then  if 
that  circuit  be  moved  in  one  direction  into  position  i,  or  in  the  contrary 
directions  into  positions  2  or  3,  or  4  or  5 ;  or  if  the  first  position,  c,  be  re- 
tained, and  the  pole  move  to  or  towards  the  position  n,  then  an  electric  cur- 


*  Faraday's  definition  of  a  line  of  magnetic  force  is  *  that  line  which  a  very 
small  needle  describes,  when  it  is  so  moved  in  any  direction  correspondent 
to  its  length,  that  the  needle  is  constantly  a  tangent  to  the  line  of  motion : 
or  that  line  along  which  if  a  transverse  wire  be  moved  in  either  direction, 
there  Is  no  tendency  to  the  formation  of  any  current  in  the  wire,  whilst  if 
moved  in  any  other  direction,  there  is  such  a  tendency.  The  direction  of  these 
lines  about  and  between  ordinary  magnets  is  easily  represented  in  a  general 
manner  by  the  use  of  iron  filings  *  (^Phil.  Tram,,  1852). 
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rent  will  be  produced  in  the  circuit  having  in  every  case  the  $ame  direction, 
being  that  marked  by  the  arrows.  Reverse  motions  give  currents  in  the 
reverse  direction. 


Fig.  £4a 


Let  a  copper  disc  (Fig.  241)  be 
mounted  on  an  axis,  and  furnished 
with  a  handle  for  giving  it  motion ; 
let  to  w'  be  two  copper  wires,  the 
one  retained  in  perfect  metallic 
contact  with  the  axis,  and  the 
other  with  the  circumference  of  the 
disc.  Let  a  powerful  horseshoe 
magnet  be  placed  so  as  to  allow 
of  the  revolution  of  the  disc  be- 
tween its  poles,  'and  let  the  wires 
be  connected  with  a  galvanometer, 
g;  the  wire  ir' is  retained  on  the 
circumference  of  the  /lisc  at  the 
point  between  the  poles  of  the 
magnet. 

When  this  machine  is  made  to  revolve  from  right  to  left,  a  current  of  elec- 
tricity is  determined  from  the  centre  to  the  circumference,  in  the  direction 


Fig.  241 


of  the  arrows,  and  the  needle  is  deflected  accordingly.  If  the  revolution  of 
the  disc,  or  the  poles  of  the  magnet  be  reversed,  the  electric  current  moves  in 
an  opposite  direction  ;  when  the  plate  is  at  rest,  there  is  no  disturbance  of 
the  needle  of  the  galvanometer. 

The  direction  of  tne  current  of  electricity  which  is  excited  in 
a  metal  when  moving  in  the  neighbourhood  of  a  magnet,  depends 
upon  its  relation  to  the  magnetic  curves.  The  following  popular 
expression  of  it  is  given  by  Faraday : — 


Digitized  by 


Google 


302  .  MAGNET0-ELEC3TRICITY. 

Let  A  B  (Fig.  242)  represent  a  cylinder  magnet,  a  being  the  marked  and 
B  the  unmarked  pole;  let  p  n  be  a  silver  knife-blade,  resting  across  the 
magnet  with  its  edge  upward,  and  with  its  marked  or  notched  side  towards 
the  pole  A ;  then  in  whatever  direction  or  position  this  knife  be  moved  edge 

foremost,  either  about  the 
pj  marked  or  unmarked  pole, 

the  current  of  electricity 
produced  will  be  from  p  to 
N,  provided  the  intersecting 
curves  proceeding  from  A 
abut  upon  the  notched  sur- 
face of  the  knife,  and  those 
from  B  upon  the  unnotched 
side;   or  if  the   knife  be 
moved  with  its  back  fore- 
most, the  current  will  be 
from  N  to  p  in  every  pos- 
sible position  and  direction, 
provided    the    intersected 
curves  abut  on  the  same  surface  as  before.    A  little  model  is  easily  con- 
structed by  using  a  cylinder  of  wood  for  a  magnet,  a. flat  piece  for  the  blade, 
and  a  piece  of  thread  connecting  one  end  of  the  cylinder  with  the  other, 
and  passing  through  a  hole  in  the  blade  for  the  magnetic  curves ;  this  readily 
gives  the  result  in  every  possible  direction. 

Whenever,  therefore,  a  metallic  plate  is  caused  to  revolve 
in  the  neighbourhood  of  a  magnet,  or  vice  versa,  electrical  currents 
are  determined  from  the  centre  to  the  circumference,  or  from  the 
circumference  to  the  centre,  in  the  direction  of  the  radii  ;  and  the 
effect  is  precisely  the  same  as  in  electro-magnetic  rotations^  and 
are  governed  by  the  following  law : — 

If  a  wire,  p  N  (Fig.  243),  be  connected  with  the  positive  and  negative 
ends  of  a  voltatc  battery,  so  that  the  positive  electricity  shall 
Fiff  Mi  ^^^^  ^"^^  ^  ^^  ^'  ^^^  ^  marked  magnetic  pole,  k,  be  placed 
near  the  wire,  between  it  and  the  spectator,  the  pole  will  move 
in  a  direction  tangential  to  the  wire,  that  is  towards  the  right, 
and  the  wire  will  move  tangentially  towards  the  lef^  accord- 
ing to  the  direction  of  the  arrows. 

So  also  when  a  plate  of  metal  is  made  to  rotate  beneath  a 
magnetic  pole  (suppose  a  n  pole),  a  series  of  currents  of  elec- 
tricity will  pass  from  the  centre  to  the  circumference  of  the 
plate  if  it  is  rotating  in  the  direction  of  the  hands  of  a  watch, 
or  from  the  circumference  to  the  centre  if  it  is  rotating  in  the 
contrary  direction ;  and  it  is  at  once  evident,  according  to 
the  above  law,  both  magnet  and  plate  must  move  in  the 
same  direction ;  it  is  also  evident  why  the  phenomena  cease 
when  the  magnet  and  metal  are  brought  to  rest,  for  then  the 
electrical  currents  cease.  The  effects  of  a  solution  of  the  continuity  of  the 
disc  in  the  experiments  of  Babbage  and  Herschel  are  likewise  readily- 
explained. 
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(176)  Xleotiic  Spark  flrom  tlie  Magnet. — (a)  From  a  Natu* 
rai  Magnet, — This  wiets  first  obtained  in  this  country  from  a  natural 
magnet  by  Professor  Forbes,  of  Edinburgh  (March  30,  1832),  but 
it  appears  that  the  first  document  giving  an  account  of  the  excita- 
tion of.  a  spark  from  a  permanent  magnet  is  by  Signor  Nobili,  and 
another  dated  from  the  museum  at  Florence,  Jan.  31,  1832.  The 
experiment  of  Forbes  was  arranged  as  shown  in  Fig.  244.  :-^ 

A  18  a  powerfal  natnral  ma^et  or  loadstone  capable  of  supporting  170  lbs. ; 
a  6  a  cylindrical  collector  of  soft  iron  passing  through  the  axis  of  the  helix 
c,  and  connecting  the  poles  oAthe  magnet  Accuracy  of  contact  was  found 
to  be  of  considerable  importance  to  the  success  of  the  experiment,  and  one 
side  of  the  cylinder  was  carefully  formed  to  a  curve  of  about  2  inches  radius 
for  this  purpose.    Great  advantage  was  found  from  the  use  of  a  mechanical 

Fig.M4. 


guide*  not  represented  in  the  figure,  to  enable  an  assistant  to  bring  up  the 
connector  rapidly  and  accurately  to  the  magnet  in  the  dark. 

The  helix  c  consisted  of  about  150  feet  oftiopper  wire,  about  JL  of  an  inch 
in  diameter,  was  7^  inches  long,  and  was  arranged  in  4  layers,  which  were 
carefully  separateid  by  insulating  partitions  of  cloth  and  sealing-wax.  The 
one  termination,  (i  e,  of  the  wire  passed  into  the  bottom  of  the  glass  tube  A, 
half-filled  with  mercury,  in  which  the  wire  terminated,  and  the  purity  of  the 
mercurial  surface  was  found  to  be  of  great  consequence.  The  other  extre- 
mity,^ of  the  heliacal  wire  communicated  by  means  of  the  cup  of  mercury  % 
with  the  iron  wire  ^,  the  fine  point  of  which  may  be  brought  by  the  hand 
into  contact  with  the  surface  of  mercury  in  A,  and  separated  from  it  at 
the  instant  when  the  contact  of  the  connector  a  b  with  the  poles  of  the  mag- 
net is  effected.    The  spark  is  produced  in  the  tube  A. 

The  success  of  this  experiment  obviously  depends  on  the  syn- 
chronism of  the  production  of  the  momentary  current  by  connect- 
ing the  magnetic  poles  and  the  interruption  of  the  circuit  at  the 
surface  of  the  mercury ;  with  a  little  practice,  Forbes  was  able  to 
produce,  for  many  times  in  succession,  at  least  two  sparks  from 
every  three  successive  contacts. 
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Fig.  245- 


(b)  From  an  Artificial  Magnd. — The  magnetic  spark  may  be 
produced  with  great  ease  and  certainty  from  an  artificial  magnet 
of  moderate  strength,  by  employing  the  little  arrangement  shown 
in  Fig.  245.   It  consists  merely  of  a  cylinder  of  soft  iron,  round  the 
centre  of  which  is  wound  a  few  feet  of 
insulated  copper  wire;   to  one  end  of 
this  wire  is  soldered  a  small  disc  of 
copper,  which  is  well  amalgamated ;  the 
other  end  is  bent  up,  the  point  cleaned 
and  amalgamated,  and  brought  into  con- 
tact with   the   disc.      On   laying  this 
cylinder  across  the  poles  of  the  magnet, 
and  then  suddenly  breaking  contact,  the 
point  and  the  disc  become  separated  at 
the  same  time,  and  the  spark  appears. 
(6)  From  an  Electro-magnet. — Round  the  soft  iron  lifter  of  a 
horseshoe  electro-magnet  capable  of  carrying  from  15  lbs.  to  20  lbs., 
ten  or  twelve  feet  of  insulated  copper  wire  are  wound.  To  the  ends  of 


Fig.  246. 


the  coil  two  thick  copper  wires  are  to  be  soldered,  in  order  to  form 
a  complete  metallic  circuit  when  the  lifter  is  in  contact  with  the 
poles  of  the  magnet.  The  magnet  is  mounted  poles  upward  on  a 
wooden  stand,  having  a  pillar  with  an  arm  or  lever  passing  through 
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a  mortice  in  the  top  of  it,  for  the  purpose  of  remoying  hj  a  sudden 
jerk,  the  lifter  from  the  poles  of  the  magnet. 

In  front  of  th6  magnet  a  glass  tube  is  fixed,  having  its  top  closed 
by  a  cap  of  boxwood,  through  which  the  copper  wires  soldered  to 
the  extremities  of  the  coil  pass  as  near  air-tight  as  possible  into 
the  glass  tube  ;  the  end  of  one  wire,  being  flattened,  is  bent  at 
right  angles  and  well  amalgamated.  The  other,  which  is  straight, 
can  be  brought  down  or  removed  from  it  by  means  of  the  lever. 
The  whole  arrangement  will  be  readily  understood  by  an  inspec- 
tion of  Fig.  246, 

The  mixed  gases  are  introduced  into  the  tube  6  by  means  of  a  bent  or 
flexible  tube.  On  giving  the  lever  a  a  smart  blow  with  the  palm  of  the 
hand  the  iron  lifter  a  b  is  suddenly  removed  from  the  poles  of  the  magnet,  a 
current  of  electricity  is  induced  in  the  coil,  contact  between  the  wires  in  the 
tube  a  is  broken,  a  spark  appears,  and  the  gases  are  immediately  exploded. 

(177)  The  asaffiieto-eleetric  Macmne.  —  The  first  instru- 
ment by  which  a  rapid  succession  of  sparks  could  be  obtained  from 
a  permanent  magnet  was  invented  by  Hipolyte  Pixii,  of  Paris, 
and  was  first  made  public  at  the  meeting  of  the  Academy  of 
Sciences,  on  Sept.  3,  18^2.  In  June  1833,  Mr.  Saxton  exhibited 
his  improvement  on  Pixii's  machine,  and  in  1835  he  Added  to  the 
machine  the  double  armature,  with  which  he  could  produce,  at 
pleasure,  brilliant  sparks  and  strong  heating  power,  or  violent 
shocks  and  chemical  decomposition. 

Saxton's  machine,  as  at  present  constructed,  is  shown  in  Fig. 
247.  Figs,  248,  249,  250,  251, 252, 253  show  the  different  arrange- 
ments, and  their  application  to  illustrate  various  electrical  pheno- 
mena. The  letters  in  Fig.  247  answer  to  the  same  in  the  other 
figures : — 

A  is  a  compound  horseshoe  magnet,  composed  of  six  or  more  bars,  and 
supported  on  the  rests  b  e,  which  are  screwed  firml}'  on  the  board  b  d  ;  into 
the  rest  e  is  screwed  the  brass  pillar  c,  carrj'ing  the  large  wheel  f,  having  a 
groove  in  its  circumference,  and  a  handle  by  which  it  can  be  readily  revolved 
on  its  axis.  A  spindle  passes  from  one  end  of  the  magnet  to  the  other, 
between  the  poles,  and  projects  be^'o'nd  them  about  three  inches,  where  it 
terminates  in  a  screw  at  k,  to  which  the  armature'',  to  be  described  imme- 
diatel3%  are  attached ;  at  the  farther  extremity  is  a  small  pulley,  over  which 
a  gut  band  passes,  by  means  of  which,  and  the  multiplying  wheel  /;  the 
armatures  can  be  revolved  with  great  rapidity. 

The  armatures  or  inductors,  as  seen  at  f,  are  nothing  more  than  electro- 
magnets. Two  pieces  of  round  iron  are  attached  to  a  cross  piece,  into  the 
centre  of  which  the  spindle  h  screws.  Round  each  of  these  bars  is  wound  in 
a  continuous  circuit  a  quantity  of  insulated  copper  wire,  one  end  being 
soldered  to  the  disc  i,  the  other  connected  with  the  copper  wire  passing 
through,  but  insulated  from  it  by  an  ivory  ring.  By  means  of  the  wheel 
and  spindle  each  pole  of  the  armature  is  brought  in  rapid  succession  opposite 
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each  pole  of  the  magnet,  and  that  as  near  as  possible  without  absolutely 
touching.    The  two  armatures  differ  from  one  another.    The  one  termed 

Pig.  i47. 


the  quantity  armature  is  constructed  of  stout  iron,  and  covered  with  thick 
insulated  wire.    The  other,  termed  the  intemUy  armature,  is  constructed  of 

Pig.  248.  Pig.  149. 


slighter  iron,  and  covered  with  from  t,ooo  to  2,000  yards  (according  to  the 
MM  Of  the  instrument)  of  fine  insulated  wire. 
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The  quantity  armature  is  adapted  for  exhibiting  the  spark  (Fig.  247),  in- 
dacing  magnetism  in  soft  iron  (Fig.  248),  heating  platinum  wire  (Fig.  249), 
igniting  charcoal  points  (Fig.  250),  scintillating  steel  on  a  file  ^Fig.  251), 
&c. 

Fig.  150. 


Fig.  xsi. 


The  intensity  armature  is  best  adapted  for  administering  the  shock  (Fig. 
253),  and  for  effecting  chemical  decomposition  (Fig.  252). 

'Jihe  flood-cup  is  that  part  of  the  instrument  to  which  the  diflTerent  appa- 
ratus used  to  illostrate  the  various  phenomena  are  attached.    The  one  here 


Fig.  453. 


represented  can  be  used  either  with  or  without  mercury.  It  consists  of  a 
square  block  of  wood  supported  on  a  stand,  capable  of  being  raised  or  lowered 
to  the  height  required.  Two  hollows,  r  and  i,  are  made  on  the'  top,  hito 
which  mercury  is  put  when  that  medium  is  required,  the  round  metal  disc 
t  C^Jg.  247)  reTolves  in  «,  and  the  point  h  just  dips  into  r;  the  wire  fi>rk  n 
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connects  the  two  floods  of  mercury  together.  On  revolving  the  armature, 
contact  is  continoally  broken  and  renewed  at  the  point  k,  and  a  soccession 
of  sparks  forming  almost  continuoos  light  is  produced.  Two  pieces  of  stout 
brass,  m,  bent  at  two  right  angles,  are  fixed  to  the  sides  of  ihe  wood  block* 
but  insulated  from  each  other ;  to  these  are  attached  binding  screws,  which 
answer  in  every  respect  the  same  purpose  as  mercury. 

(178)  Applloatioii  of  nKaffneto-eleotridty  to  the  Produe- 
tion  of  Ufflit. — This  is  due  to  Mr.  Holmes,  who  exhibited  an 
effective  arrangement  for  the  purpose  in  the  International  Exhibi- 
tion of  1862,  which  is  thus  described  in  the  Jurors^  Report : — 

*  The  currents  are  induced  by  the  rapid  passage  of  coils  of  copper 
wire  wound  round  soft  iron  cores,  between  the  poles  of  powerful 
horseshoe  magnets.  The  alternately  inverted  currents  produced 
in  this  manner  are  transmitted  by  means  of  a  conunutator  in  one 
direction  only,  through  the  carbon  electrodes  of  an  electric  lamp 
somewhat  similar  in  principle  to  that  of  Duboscq  (131).  There  are 
eighty-eight  coils  arranged  on  two  parallel  rings,  each  containing 
forty-four  equally-spaced  bobbins;  the  rings  are  fixed  in  the  rim  of 
a  large  wheel,  about  five  feet  in  diameter,  the  axes  of  the  coils 
being  parallel  to  the  axis  of  the  wheeL  The  wheel  is  driven  at 
about  1 10  revolutions  per  minute.  The  horseshoe  magnets  are  fixed 
on  a  frame  round  the  circumference  of  the  wheel  in  three  planes  or 
rings  of  twenty-two  each.  The  two  poles  of  each  magnet  are  in 
one  and  the  same  plane  or  ring.  The  distance  between  their  poles 
is  equal  to  the  distance  between  the  bobbins  or  coils.  The  magnets 
in  the  two  outside  rings  have  similar  poles  opposite  one  another. 
The  magnets  of  the  inner  ring  are  placed  with  opposite  poles  facing 
the  similar  poles  of  the  outer  rings.  The  two  outside  rings  have 
compound  magnets  of  four  plates :  the  magnets  of  the  inner  ring, 
between  the  two  sets  of  bobbins,  hiJve  six  platfes.  The  weight  of 
each  plate  is  six  pounds.  The  distance  between  the  successive  mag- 
nets corresponds  to  the  distance  between  the  centres  of  the  coils, 
so  that  each  alternate  coil  has  a  core  magnetized  in  the  opposite 
direction,  but  the  wires  are  so  connected  that  the  currents  flow  in 
the  same  direction.  The  length  of  the  hollow  iron  core  inside 
each  bobbin  is  3^  inches;  its  external  diameter  i^  inch ;  its  inter- 
nal diameter  i  inch;  two  copper  wires  0*148  inch  diameter,  forty- 
five  feet  long,  are  wound  round  each  core,  and  connected  in  double 
arc ;  these  wires  are  equivalent  to  one  wire  ca  inch  diameter  of 
the  same  length.  The  core  and  brass  bobbin  are  split  to  prevent 
useless  currents  outside  the  coils. 

As  the  wheel  revolves,  each  core  continually  changes  its  polarity 
as  it  passes  between  the  alternating  poles  of  successive  pairs  of 
magnets.    This  change  of  polarity  occurs  forty-four  times  for  each 
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<»)il  of  each  ring ;  tlie  change  is  simultaneous  for  all  the  coils  in 
one  ring,  hut  the  moment  of  maxiqium  change  of  one  ring  corre- 
sponds to  the  moment  of  minimum  change  in  the  other.  All  the 
coils  of  each  ring  are  connected  in  series,  and  it  will  be  seen  from 
the  above  description,  that  each  ring  will  induce  forty-four  distinct 
currents,  each  due  to  forty-four  coils  during  each  revolution  of  the 
-vrheel.  The  coils  of  both  rings  are  connected  with  an  ingenious 
commutator,  by  which  they  are  so  combined  that  the  induced 
currents  shall  continually  pass  in  the  same  direction  through  the 
carbon  electrodes  of  the  lamp,  although  passing  in  four  distinct 
successive  combinations  through  the  coils. 

As  already  stated,  the  maximum  current  from  one  ring  corre- 
sponds with  the  minimum  cm'rent  from  the  other,  and  as  each 
current  lasts  a  very  sensible  time,  during  which  it  gradually  rises 
and  falls,  their  combination  does  not  simply  produce  twice  the 
number  of  sparks  that  would  be  obtained  from  one  ring  of  coils, 
but  a  nearly  constant  and  uniform  current,  in  which  the  fall  of 
the  current  from  one  series  of  coils  is  almost  exactly  compensated 
by  the  rise  of  the  current  from  the  other.  As  each  revolution 
induces  eighty-eight  distinct  currents,  the  machine,  when  driven 
at  the  speed  mentioned,  sends  9,680  currents  through  the  carbon 
electrodes  of  the  lamp  every  minute.' 

Holmes's  magneto-electric  machine  and  lamp  have  been  in  suc- 
cessful operation  at  Dungeness  Lighthouse  since  June  1862,  ex- 
clusively in  the  hands,  and  under  the  care  of,  the  Trinity  House. 

The  visible  conversion  of  mechanical  work  into  heat  and  light, 
by  the  agency  of  electricity  in  this  machine,  gives  an  interesting 
example  of  the  transformation  of  energy.  The  excess  of  power 
required  to  drive  the  machine  when  the  electric  currents  are 
closed,  is  stated  to  be  very  sensible.  One-and-a-quarter  horse 
power  is  required  to  drive  the  machine  when  the  light  is  in 
action. 

The  application  of  the  magneto-electric  machine  to  electro- 
plating has  already  been  alluded  to  (125).  A  machine  origin- 
ally intended  for  the  production  of  illuminating  gas  by  the 
decomposition  of  water,  was  shown  at  the  International  Exhibition 
of  1862,  by  Shepard.  The  arrangement  of  magnets  and  coils  is 
very  similar  to  that  of  Holmes,  but  it  could  .not  be  worked  at  a 
profit  as  a  gas  generator. 

(179)  Applioatioii  of  tlie  Mavneto-eleotiic  MaelUiie  to  tlie 
azploslon  of  acines  and  Submarine  Cbaryes. — (Bepoi't  to  the 
Secretary  of  State  far  War,  by  C.  Wheat^tone,  F.R,S.,  and  F.  A. 
Ahdj  F.R'S.,  on  the applioatum  of  EledricUy  from  different  sources 
to  the  Rvploeion  of  Gunpowder) : — 
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I.  The  Magnetic  'Exploder,^ — This  instrument  (which  has  rer 
cently  been  rendered  still  mq^  effective)  was  devised  by  .Wheat- 
stone  ;  it  effects  the  ignition  at  one  time  of  fuzes  varying  in 
number  from  two  to  twenty-five,  under  certain  conditions.  It 
consists  of  six  small  magnets,  to  the  poles  of  which  are  fixed  soft 
iron  bars,  surrounded  by  coils  of  insulated  wire.  The  coils  of  all 
the  magnets  are  united  together  so  as  to  form  with  the  external  wire 
and  the  earth  a  single  circuit.  An  axis  carries  six  soft  iron  arma- 
tures in  succession  before  each  of  the  coils.  By  this  arrangement^ 
two  advantages  are  gained :  all  the  magnets  simultaneously  charge 
the  wire,  and  produce  the  effect  of  a  single  magnet  of  more  than 
six  times  the  dimensions ;  and  at  the  same  time  six  shocks  or 
currents  are  generated  during  a  single  revolution  of  the  axis,  so 
that  when  aided  by  a  multiplying  motion  applied  to  the  axis,  a 
very  rapid  succession  of  powerful  currents  is  produced.  Another 
peculiarity  of  this  apparatus  is,  that  the  coils  are  stationary,  and 
the  soft  iron  armatures  alone  are  iu  motion  ;  by  this  disposition  the 
circuit  during  the  action  of  the  machine  is  never  broken. 

This  ingenious  instrument  is  shown  in  Figs.  254  and  25-5,  one  of 

Pig.  X54-.     ' 


the  magnets  having  been  removed  to  show  the  arrangement  of  the 
armature,  && 
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*.  AheTa  Magnet  Fuzes. — The  fuze  for  mining  purposes  consists 
of  a  head  which  is  of  boxwood,  containing  three  perforations  (Figs. 

•    Fig.  Z55. 


Fig.  X56. 


:Pig.  aS7^ 


256  and  257) ;  one,  passing  downwards  through  the  centre,  re- 
ceives about  two  inches  of  double  in- 
sulated copper  wire  a,  enclosed  side 
by  side  at  a  distance  of  one-sixteenth 
of  an  inch  in  a  coating  of  gutta-percha } 
the  other  two  perforations,  which  are 
parallel  to  each  other  on  each  side  of 
the  central  one,  and  at  right  angles  to 
it,  serve  for  the  reception  of  the  circuit 
wires.  The  arrangement  for  securing 
the  connection  of  these  with  the  insu- 
lated wires  in  the  fuzes  is  as  follows :  — 
The  piece  of  double  covered  wire 
above  referred  to  is  originally  of  a  suffi- 
cient length  to  allow  of  the  gutta-pei-cha 
being  removed  from  about  one-and-a- 
half  inches  of  the  wires.  These  bare  ends  of  the  fine  wires,  which  are 
made  to  protrude  from  th^  top  of  the  fuze-head,  are  then  pressed  into 
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slight  grooves  in  the  wood  provided  for  their  protection^  and  the 
extremity  of  each  is  passed  into  one  of  the  horizontal  perforations 
in  the  head;  in  which  position  it  is  afterwards  fixed  by  the  in- 
troduction into  the  hole  of  a  tightly-fitting  piece  of  copper  tube, 
so  that  the  wire  is  firmly  wedged  between  the  wood  and  the 
exterior  of  this  tube,  and  thus  at  the  same  time  brought  into  close 
contact  with  a  comparatively  large  surface  of  metal.  It  will  be 
seen  that  it  is  only  necessary  to  fix  one  of  the  circuit  wires  into 
each  of  these  tubes  in  the  opposite  sides  of  the  fuze-head  in  order 
to  ensure  a  sufiicient  and  perfectly  distinct  connection  of  each  one 
of  them  with  one  of  the  insulated  wires  in  the  fuze. 

The  extremity  of  the  double  covered  wire,  which  protrudes  to 
the  distance  of  about  three-quarters  of  an  inch  from  the  bottom  of 
the  fuze-head,  is  provided  with  a  clean  sectional  surface,  by  being 
cut  with  A  pair  of  sharp  scissors,  care  being  taken  that  the  extre- 
mities of  the  fine  copper  wires  are  not 
Jig.  158.  Fig.  X59.        pressed  into  contact  by  this  operation. 

A  small  cap  of  about  half  an  inch  in 
length  is  then  constructed  of  thick  tin- 
foil, into  which  is  dropped  about  one 
grain  of  the  priming  material.  The 
double  wire  is  then  inserted,  and  pressed 
firmly  down  into  the  cap,  so  that  the 
explosive  mixture  is  slightly  compress- 
ed, and  in  close  contact  with  the  sur- 
faces of  the  terminals.  The  cap  being 
secured  with  twine,  the  fuze  is  ready 
for  enclosure  in  a  small  charge  of  gun- 
powder. The  powder  is  contained  in  a 
paper  case  tied  on  to  the  head,  or  in  a 
cylinder  of  sheet  tin,  tightly  fitting  on 
the  fuze-head  at  one  end;  the  other, 
after  the  introduction  of  the  powder, 

being  closed  with  a  plug  of  clay   or 

plaster  of   paris  (Figs.  258  and  259). 
The  fuzes,  as  they  are  manufactured,  are  fitted  with  two  pieces  of 

Fig,  160. 


covered  wire  twisted  together  (Fig.  2^0),  which  are  tightly  fixed 
into  their  proper  positions  by  forcing  a  short  pin  of  copper  wire 
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into  the  holes  of  the  fuze-head.    They  are  thus  ready  for  insertioa 
into  the  bag  or  other  receptacle  containing  the  charge  of  gun- 
powder, the  ends  of  the  covered  wires  protruding 
lirom  the  opening  of  the  latter  to  a  convenient  dis^       Fig.  z6i. 
tance,  for  effecting  the  junction  with  the  branch  and 
earth  wires. 

The  fuze  for  firing  cannon  (Fig.  261)  differs  some- 
what in  construction  from  the  mining  fuze.  The 
head  is  somewhat  longer,  and  of  such  a  form,  that 
the  double  covered  wires  are  completely  enclosed  in 
it,  the  lower  extremity  of  its  central  perforation  still 
remaining  free  to  receive  the  top  of  the  quill  or  copper 
tube,  which  is  charged  with  gunpowder  in  the  same 
manner  as  the  ordinary  tube  arrangement  for  firing 
cannon. 

3.  The  Priming  Material, — When  a  copper  wire 
has  been  covered  with  vulcanized  gutta  peroha  for 
some  time,  the  surface  of  the  metal  becomes  co- 
vered with  a  layer  of  sulphide  of  copper,  which  is  a 
moderately  good  conductor  of  electricity.  It  was 
discovered  by  Statham,  that  advantage  may  be 
taken  of  this  fact  to  construct  convenient  fuzes  for  firing  gun- 
powder. 

Let  A  B  (Fig.  262)  repr08ent  a  copper  wire  thus  covered,  but  from  which 
the  upper  surface  of  the  coating  is  removed,  and  the  wire  interrupted  from 
atob.  If  a  current  of  electricity  of  sufficient  intensity  be  caused  to  circu- 
late through  the  wire,  it  will  leave  the  wire  at  the  point  a  and  pass  through 


Fig.  £6z. 


the  sulphide  of  copper,  but  here  sufficient  resistance  will  be  set  up  to  ignite 
the  sulphide :  consequently,  if  the  cavity  between  a  and  h  be  filled  up  with 
gunpowder  or  guncotton,  it  will  take  fire.  This  fuze  was  successfully  em- 
ployed in  exploding  mines  in  the  works  of  Cherbourg,  a  Ruhmkorfi^s  coil, 
excited  by  two  of  Bunsen's  cells,  being  the  power  emploj'ed. 

"  With  a  Statham's  fuze  charged  with  fulminate  of  mercury, 
Colonel  Verdu  effected  a  simultaneous  explosion  of  six  mines  in 
the  circuit,  at  a  distance  of  300  metres  from  the  apparatus,  a  coil 
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excited  hj  a  single  element  of  a  Bunsen's  battery  being  employed. 
It  was  found,  however,  by  Wheatstone  and  Abel,  tbat  the  electro- 
magnetic induction  machine  was  subject  to  considerable  irregu- 
larity ;  that  the  conductor  became  liable  to  derangement  in  the 
transport  of  the  apparatus,  and  that  the  apparatus  was  so  liable  to 
injury  from  such  a  variety  of  causes,  as  not  to  be  recommended 
with  confidence  for  field  purposes ;  they  therefore  suggest,  in  pre- 
ference, the  magneto-electric  machine. 

The  ignition  of  gunpowder  by  the  direct  magneto-current  cannot 
be  effected  with  any  degree  of  certainty,  and  even  Statham's  fuzes 
cannot  be  depended  upon.  The  priming  material  discovered  by 
Abel,  which  greatly  exceeds  in  sensitiveness  any  other  composition^ 
is  prepared  by  reducing  separately  to  the  finest  possible  state  of 
division,  sub-phoaphicle  of  copper^  sub-sulphide  of  copper ^  and  chlorate 
ofpoiassa,  and  then  mixing  these  powdered  substances  very  inti- 
mately in  the  proportions  of  lo  parts  of  the  first,  45  of  the 
second,  and  1 5  of  the  third,  by  rubbing  them  well  together  in  a 
mortar,  with  the  addition  of  sufficient  alcohol  to  thoroughly  moisten 
the  mass.  The  mixture  is  afterwards  carefully  dried,  and  may  be 
safely  preserved  in  close  vessels  till  required. 

4.  Verdus  Hheotomic  Arrangemefit  of  the  Charges. — The  dis- 
charge from  the  induction  coil  machine,  unlike  that  from  the 
Leyden  jar,  which  will  pass  through  several  hundred  solutions  of 
continuity,  producing  a  spark  at  each  interruption,  becomes  so 
enfeebled  by  successive  ii^terruptions  in  the  metallic  circuit,  that 
it  is  impracticable  to  ignite  with  certainty  a  number  of  charges  in 
one  .circuit  beyond  certain  limits,  which,  with  Statham's  fuzes,  are 

very  narrow.      Verdu, 
Fig.  163.  therefore,  arranged  the 

mines  to  be  fired  in 
groups,  so  that  each 
group  formed  a  special 
circuit ;  by  then  bring- 
ing each  circuit  in  very 
quick  succession  in  con- 
nection with  the  instru- 
ment, the  mines  wer^ 
discharged  with  a.  ra- 
pidity which  had  the 
practical  effect  of  a 
simultaneous  discharge. 
One  of  the  arrange- 
ments adopted  is  shown  in  Fig.  263,  where  c  represents  a  wire 
connecting  one  pole  of  the  induction  coil  with  an  instrument  df 
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called  a  rheotome^  the  other  pole  being  connected  with  the 
earth.  The  rheotome  is  provided  with  binding  screws  for  receiv- 
ing the  separate  wires  cfy  which  lead  to  the  mines  m.  These 
screws  are  fixed  into  small  copper  plates  isolated  from  each  other, 
being  either  let  into  the  wood  or  separated  by  strips  of  glass.  The 
wire  c  from  the  coil  machine  is  in  connection  with  a  sprt  of  metallic 
finger/,  which,  by  means  of  an  insulating  handle,  may  be  made  to 
describe  a  semicircle  with  any  degree  of  rapidity  that  may  be  re- 
quired )  and  as  its  one  extremity  presses  firmly  upon  the  instru- 
ment at  a  point  near  any  one  of  the  binding  screws,  it  is  brought 
alternately  into  contact  with  the  several  small  plates  with  which 
they  are  connected,  thua  bringing  them  (and  therefore  the  mines) 
into  connection  with  the  coil  machine.  The  wires  ff  and  the  plates 
of  metal  e  connected  the  charges  and  the  coil  machine  with  the 
earth. 

5.  8avare^s  Arrangement  of  the  Charges  in  Divided  Circuits,-^ 
By  dividing  the  circuit  into  branches,  over  the  whole  of  which  a 
current,  or  a  rapid  succession  of  currents,  are  distributed  on  the 
completion  of  the  circuit,  as  was  first  suggested  by  M.  Savare,  a 
method  of  securing  a  practically  simultaneous  discharge  of  a  num- 
ber of  mines  more  eflective  than  the  so-called  rheomdric.  arrange- 
ment of  Verdu  is  obtained. 

The  arrangement  is  shown  in  Fig.  264  (the  letters  of  reference 
in  which  correspond  in  their  meaning  to  those  in  Fig.  263),  the 
principal  difierence  is  that 


Fig.  £64. 


the  rheotome  is  dispensed 
with^  and  the  wires  are 
connected  directly  with  the 
wire  leading  to  the  ma- 
chine. On  interposing  one 
or  more  fuzes  in  each 
branch  of  the  circuit,  those 
which  happen  to  ofier  the 
greater  facilities  in  their 
construction  to  the  pas- 
sage of  the  current  will 
explode  first,  and  the  fuzes 
being  so  constructed  that 
the  terminals  of  the  wire 
in  them  are  forced  apart  by  the  explosion,  or  fused  by  the  heat  ge- 
nerated, the  further  passage  of  the  current  in  that  direction  is 
prevented,  and  the  remaining  fuzes  are  in  their  turn  exploded. 
Experiments  with  this  mode  of  discharge  were  first  made  at 
Grenoble  in  1854. 
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It  was  found  by  Wheatstone  and  Abel  that  even  with  the 
sensitive  detonating  mixture  discovered  by  the  latter,  the  current 
obtained  from  a  powerful  magneto-electric  machine  was  very 
limited  in  its  powers  when  applied  to  the  ignition  of  several  charges 
arranged  wi  succession  in  one  circuit ;  but  by  arranging  the  charges 
in  divided  circuits,  the  ignition  of  twenty-five  charges  could  be 
with  certainty  effected  1)y  the  current  obtained  from  a  small  horse- 
shoe magnet,  7  inches  in  lengthy  i  inch  in  breadth^  and  i|  inches 
in  thickness,  provided  with  a  revolving  armature  and  multiplying 
wheels,  and  by  means  of  Wheatstone's  magnetic  exploder  (Figs. 
254,  255),  twenty-five  charges  could  be  fired  in  divided  circuit  with 
such  rapidity  that  the  effect  on  the  ear  wa^  as  of  one  explosion. 

(180)  Tlieorj  of  tbe  Maffneto-eleotiic  asaclilne. — ^As  often 
as  the  bent  ends  of  the  armatures  or  inductors  f,  f,  f  (Figs.  247, 148, 
249)  are  by  the  rotation  of  the  wheel  brought  opposite  the  poles  of  the 
magnet,  they  become  magnetic  by  induction ;  but  being  soft  iron, 
they  lose  their  magnetism  when  they  are  in  the  position  shown  in 
Fig.  247;  i,e,  at  right  angles  to  the  magnetic  poles.  Now  we 
have  seen  (170)  that  at  the  moment  of  the  induction  as  well 
as  of  the  destruction  of  the  magnetism  in  an  iron  bar  surrounded  by 
copper  wire,  currents  or  waves  of  electricity,  moving  however  in 
opposite  directions,  are  induced  in  the  wire,  if  the  circuit  be  com- 
plete ;  the  points  k  (Fig.  247)  are,  therefore,  so  arranged  that  they 
shall  leave  the  mercury,  and  thus  break  the  circuit  in  the  wire 
surrounding  the  armature  f,  at  the  moment  that  its  ends  become 
opposed  to  the  poles  of  the  magnet ;  for  which  purpose  they  must 
be  placed  at  nearly  right  angles  to  it :  the  circuit  is  thus  broken 
ftt  the  precise  moment  that  a  rush  or  wave  of  electricity  is  deter- 
mined in  the  wire,  and  hence  the  electrical  effects  that  are  obtained. 

The  laws  which  regulate  the  magneto-electric  force  excited  by 
magnetism  in  the  induction  coils  have  been  investigated  by  Lenz, 
and  his  results  agree  with  those  which,  in  conjunction  with  Jacobi, 
he  had  previously  found  to  regulate  the  intensity  of  the  electro- 
dynamic  force  excited  by  voltaic  currents. 

These  laws  are : — 

^i.  That  the  magneto  electric  energy  in  an  induction  spiral,  by  means  of 
magnetism,  is  equal  to  the  sum  of  the  electro-motive  forces  of  all  the  indivi- 
dual coils  of  the  wire ;  this  is  in  accordance  with  the  fundamental  law  of 
Ohm  (108). 

2.  That  with  equally  powerful  currents  the  magneto -electric  force  will  be 
nearly  proportional  to  the  number  of  coils,  the  thicknens  of  the  wire  exerting 
no  influence  on  it ;  tbe  intensity  will,  however,  be  slightly  diminished  by 
increasing  the  width  of  the  coils. 

(181)  Tlie  Bztra  Current. — ^If  a  small  pair  of  voltaic  plates  be 
moderately  excited,  and  a  small  short  wire  used  to  connect  its 
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mercury  cups,  no  spark,  or  only  a  very  minute  one,  will  be  per- 
ceived either  on  making  or  breaking  contact.  As,  However,  the 
length  of  the  connecting- wire  increases,  the  spark  becomes  pro- 
portionally brighter,  until,  from  extreme  length,  the  resistance 
offered  by  the  metal  begins  to  interfere  with  the  principal  result. 

If  two  equal  lengths  of  wire  be  taken,  and  one  made  up  into  a 
helix  and  the  other  laid  out  upon  the  floor,  and  if  each  be  used  to 
connect  the  mercury  cups  of  a  small  battery,  a  very  great  difference 
will  be  observed  in  the  size  of  the  spark  afforded  by  each  on  break- 
.  ing  contact.  Suppose  the  length  of  each  to  be  60  feet,  the  wire 
laid  on  the  floor  will  give  a  small  bright  spark,  while  the  wire 
wound  in  a  helix  will  produce  a  brilliant  spark,  accompanied  by  a 
snap. 

Again,  to  render  the  fact  still  more  decisive,  let  100  feet  of 
covered  copper  wire  be  bent  in  the  middle  so  as  to  form  a  double 
termination,  which  can  be  connected  with  the  battery.  Let  one- 
half  be  wound  into  a  helix,  and  let  the  other  remain  in  its  extended 
condition;  use 'these  alternately  as  the  connecting  wire,  and  the 
helix  will  be  found  to  give  by  far  the  strongest  spark. 

The  spark  and  the  snap  are  much  increased  when  a  bar  of  soft 
iron,  or  a  bundle  of  soft  iron  wires,  are  introduced  into  the  axis  of 
the  helix ;  the  reason  being,  that  the  iron,  which  becomes  mag- 
netized by  the  power  of  the  continuing  current,  loses  its  magnetism 
at  the  moment  the  current  ceases  to  pass,  and  in  so  doing  tends,  as 
we  have  already  seen  (171),  to  produce  an  electric  current  in  the 
wire  round  it. 

Now  we  have  already  seen  (171)  that  if  two  wires  be  placed  paral- 
lel to  each  other,  and  a  current  from  a  voltaic  battery  established 
in  one,  a  wave  of  electricity  in  the  same  direction  is  induced  in  the 
other  the  moment  the  current  ceases  to  flow  through  the  first. 
Under  these  circumstances  (the  second  wire  forming  a  complete 
circuit)  the  spark  on  breaking  battery  contact  is  very  feeble,  far 
less  than  if  the  second  wire  were  away,  for  in  the  latter  case  the 
wave  which  on  breaking  contact  would  have  been  induced  in  the 
second  wire,  is  now  induced  in  itself. 

If  the  inductive  action  of  a  wire  a  foot  long  upon  a  collateral 
wire  also  a  foot  in  length  be  observed,  it  will  be  found  to  be  very 
small,  but  if  the  same  current  be  sent  through  a  wire  50  feet  long, 
it  will  induce  in  a  neighbouring  wire,  also  50  feet  long,  a  far  more 
powerful  wave  of  electricity  at  the  moment  both  of  breaking  and 
making  contact ;  a  similar  effect  should  obviously  take  place  when 
the  conducting  wire  is  also  that  in  which  the  induced  current  is 
formed ;  hence  the  reason  why  a  long  wire  may  give  a  brighter 
spark  than  a  short  one^  although  it  may  carry  less  electricity.    If 
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the  long  wire  be  made  into  a  helix,  it  will  be  still  more  effectiye 
in  producing  sparks  on  breaking  contact,  for  by  the  inductive 
action  of  the  convolutions  each  aids  its  neighbour,  and  is  aided  in 
turn,  and  the  sum  of  effects  is  in  consequence  greatly  increased. 

The  current  which  a  wire  thus  induces  in  itself  is  called  the 
extra  current,  that  produced  on  making  battery  contact  is  in  direc- 
tion contrary  to  that  of  the  principal  current,  and  is  called  the 
inverse  extra  current;  that  produced  on  breaking  battery  contact 
is'  in  the  same  direction  as  that  of  the  principal  current,  and  is 
called  the  e^ect  extra  current. 

(182)  Henry's  Coils;  Secondary  Cnrrents. — The  waves  or 
currents  of  electricity  thus  induced  are  capable  of  giving  powerful 
shocks,  of  magnetising  steel  bars,  and  of  producing  chemical  de- 
composition : — 

Let  a  (Fig.  265)  be  a  ribbon  of  copper  covered  with  list  or  silk,  about  100 

feet  long  and  i  inch  wide ;  and  let 
6  be  a  helix  of  fine  covered  copper 
Fig.  z65.  ^.j^  about  1,500  yards  long;  let 

b  be  placed  on  a,  a  plate  of  glass 
intervening ;  let  the  experimenter 
grasp  the  metallic  handles  attached 
to  the  ends  of  the  coil,  whilst  an 
assistant  makes  and  breaks  contact 
between  the  ends  of  the  ribbon 
and  a  small  simple  voltaic  battery, 
powerful  shocks  will  be  experi- 
enced every  time  the  rupture  is  made  and  the  contact  renewed,  which,  unless 
the  battery  be  very  small,  may  be  excruciating. 

Dr.  Henry,  of  New  Jersey,  to  whom  we  are  indebted  for  a  very 
elaborate  investigation  of  the  phenomena  of  induced  electrical 
currents,  constructed  a  ribbon  coil  300  feet  long  and  ij  wide, 
and  helix  of  copper  ^nre  Jive  miles  long.  With  this  apparatus, 
shocks  could  be  obtained  when  the  coil  and  the  ribbon  were  four 
feet  apart,  and  at  a  distance  of  twelve  inches  they  were  too  strong 
to  be  taken  through  the  body. 

If,  instead  of  the  helix  of  thin  copper  wire  5,  a  ribbon  similar  to 
a  be  employed,  then  powerful  shocks  can  no  longer  be  obtained. 
The  induced  current  has  the  properties  of  one  of  considerable 
quantity y  but  of  moderate  intensity.  Sparks  are  produced  when  the 
ends  of  the  secondary  ribbon  are  rubbed  together.  When  a  small 
coil  of  wire  enclosing  a  needle  is  interposed,  the  needle  becomes 
magnetic  j  a  piece  of  soft  iron  is  temporarily  magnetized,  and  water 
is  decomposed. 

(1S3)  <3nrrents  of  the  Third,  Fourth,  and  Fifth  Orders.— 
Dr.  Henry  arranged  a  series*  of  ribbons  and  coils  in  the  manner 
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shovm  in  Fig.  266.  On  transmitting  an  intermitting  voltaic  cnj- 
pent  tlirough  a,  a  secondary  current  is,  as  we  have  seen,  induced  in 
6,  placed  at  a  distance  above  it.  Now  this  secondary  current,  by 
passing'  through  the  third  ribbon  coil  c,  induces  a  current  of  the 
third  order  in  the  helix  d ;  and  this  coil  again,  by  passing  through 
the  helix  e,  induces  a  current  of  the  fourth  order  in  the  ribbon  coil 
/)  as  is  proved  by  the  power  it  possesses  of  magnetizing  a  needle  in 
the  small  helix  g.  Henry  further  determined  that  there  existed 
an  alternation  in  the  direction  of  the  currents  of  the  several  orders, 
Commencing  with  the  secondary  j  it  was  as  follows : — 

Primary  current  a  (on  making),  direct. 

Secondary  current  b  c  (on  making),  inverse;  (on  breaking),  direct 
Tertiary  current  d  e  (on  making),  cUrect ;  (on  breaking),  inverse. 
Quaternary  current /p  (on  making),  inverse;  (on  breaking),  direct, 

and  so  on,  currents  even  of  the  seventh  order  having  been  obtained, 
the  successive  currents  being  alternately  direct  and  reverse. 


Tig.  266. 


The  current  induced  /  by  the  helix  g  is  one  of  quantity ;  but 
the  effects  of  the  induced  tertiary  current  in  d  are  those  of  inten- 
sity, and  by  grasping  metallic  handles  attached  to  the  ends  of  that 
helix,  shocks  may  be  received.  Thus  a  quantity  current  may  be 
induced  from  one  of  intensity  and  the  converse.  Henry  found  also 
that  on  interposing  a  screen  of  any  conducting  substance  between 
a  and  5,  no  secondary  currents  could  be  obtained :  a  circular  plate 
of  lead,  for  instance,  caused  the  induction  in  h  almost  entirely  to 
disappear ;  but  when  a  slip  of  the  metal  was  cut  out  in  the  direc- 
tion of  a  radius  of  the  circle,  the  induction  was  not  in  the  least 
interfered  with. 

Again,  the  coil  h  being  placed  upon  a,  with  the  two  ends  sepa- 
jrated,  and  on  the  coil  the  helix  c?,  shocks  could  be  obtained  from 
the  latter  as  if  the  coil  were  not  present ;  but  when  the  ends  of  h 
were  joined,  so  as  to  form  a  perfect  metallic  circuit,  no  shocks 
could  be  obtained.  TJiese  effects  were  referred  by  Henry  to  the 
changes  in  the  direction  of  the  induced  currents ;  the  secondary 
euxrent  which  is  induced  in  the  screening^plate  or  closed  ribboa 
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coil,  iS;  on  1)reaking  contact,  in  the  same  direction  as  the  current 
from  the  battery ;  it  nevertheless  tends  to  induce  a  current  in  the 
adjacent  conducting  matter  in  a  contrary  direction.  A  similar  re- 
action, as  it  were,  may  be  observed  by  placing  on  a  flat  ribbon  coil 
another  similar  coil,  and  then  taking  the  shock  from  the  first  when 
the  ends  of  the  second  are  joined,  the  intensity  will  be  found  to  be 
greatly  diminished ;  although,  if  the  ends  of  the  second  coil  be  not 
joined,  no  difference  in  the  intensity  of  the  shock  will  be  per- 
ceived. 

(184)  Bleetro-mafpn^tio  Coil  Maoliines. — The    instruments 
that  have  been  constructed  for  the  exhibition  of  the  intense  elec- 
trical currents  or  waves  obtained  by  magneto-  and  volta-electric 
induction,  have  assumed  a  variety  of  forms,  and  the  battery  con- 
tact is  broken  and  renewed  in  a  variety  of  ways.    Some  of  these 
machines  are  shown  in  Figs.  267,  268,  269,  and  270. 
In  Fig.  267  the  primary  coil  is  about  35  feet  long,  and  the  secondary  about 
i^coieet;  battery  contact  is  broken  and  re- 
Pj    ^  newed  by  the  rotation  of  a  soft  iron  bar  h, 

Tirhich,  mounted  between  two  brass  pillars,  is 
A  situated  immediately  over  the  axis  of  the  coil 

in  which  is  placed  a  bundle  of  soft  iron  wires. 
The  current  from  'the  battery  passes  through 
the  pillar  d  and  the  axis  carrying  the  iron 
bar,  and  contact  is  broken  nnd  renewed  by 
the  point  t  dipping  as  h  revolves  into  and  out 

Fig.  268. 


of  the  mercury  contained  in  the  brass  cup  ^,  which  is  mounted  on  the  brass 
pillar  a,  through  which  the  circuit  is  completed ;  cpmmunication  with  the 
voltaic  pair  is  established  through  the  binding  screws  at  the  base  of  the 
apparatus. 

In  Fig.  268  the  current  from  the  battery  passes  f^om  the  binding  screw  p 
up  the  wire  a,  which  terminates  in  a  small  disc  of  iron  arranged  immediately 
over  the  bundle  of  iron  wires  in  the  a^is  of  the  coil,  from  which  it  is  pre- 
vented from  coming  immediately  into  contact  when  the  machine  is  not  in 
action,  by  the  horizontal  spring  by  which  it  is  connected  with  the  wire  a. 
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The  binding  screw  c  is  connected  with  the  wire  b,  the  top  of  which  is  seen 
in  the  figare  rising  above  the  coil.    On  the  top  of  this  wire  is  a  horizontal 
slip  of  metal  tipped  with  platinum,  and  with  this,  by  the  action  of  the  spring, 
the  disciof  iron  is  kept  in  contact.  Now,  when  connection  is  made  with  the 
battery  through  the  wires />  and  c,  the  central  core  of  iron  wire  becomes  mag- 
netized, and  consequently  attracts  the  disc  of  iron,  thns^  breaking  battery 
contact :  the  current  being  shut  off,  the  disc  of  iron  is  again  raised  by  the 
spring,  and  thus  contact  is  broken  and  renewed  with  amazing  rapidity. 
•    In  Fig.  3^69  the  contact  breaker  is  a  curved  spring  c,  which  is  carried 
rapidly  round  by  the  multiplying  wheel  and  handle  d  striking  in  its  course 
against  the  notches  in  the  in- 
terior of  the  metallic  circle  b.  p. 
This  circle  must  have  an  odd  '       ' 
number  of  teeth  or  notches  in 
order  that  the  ends  of  the  8 
shaped  spring  may  produce  the 
spark  at  the  opposite  parts  of 
the  ring.    The  diameter  of  the 
ring  a  b  may  be  about  5  inches ; 
they  may  be  made  of  different 
metals,  and  secured  in  the  cir* 
cular  rabbet  of  the  square  piece 
of  wood  A  by  small  turn  but- 
tons.   One  end  of  the  primary 
coil  is  in  communication  with 

Fig.  269. 


the  ring,  the  other  is  in  connection  with  the  binding  screw  5,  where  one  of 
the  battery  wires  is  to  be^xed.  The  spring  c  has  a  metallic  communication 
with  the  other  pole  of  the  battery  by  means  of  its  metallic  oocket,  to  which  a 
wire  is  soldered  and  brought  down  to  another  connecting  piece  symmetrkai 
with  e,  but  not  shown  in  the  figure;  //are  the  usual  connecting  pieces  for 
administering  the  shock,  &c.  If  the  ring  has  a  diameter  of  12  inches,  and 
if  a  tolerably  strong  battery  be  employed,  very  brilliant  effects  are  produced. 
Fig.  zyo  represents  Henley's  powerful  arrangement  of  the  electro-magnetic 
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coil  omcliine.  A  is  a  series  of  U-tbaped  bars  of  soft  iron*  -woond  with  4  coils 
of  No.  14  covered  copper  wire  to  within  an  inch  of  eitiMr  eztremit j ;  over 
this  are  wound  1,000  yards  of  No.  34  covered  wire  in  oiM  continooae  length. 
B  is  the  revolving  armature  which  rotates  between  the  poles  of  th»  magnet 
fixed  on  an  axis,  the  lower  end  resting  on  a  hard  steel  cap,  (he  npper  kept 
in  its  position  by  a  screw  passing  through  a  flat  piece  of  metal  mounted  on 
two  brass  columns,  o  is  the  apparatus  for  breaking  contact,  consisting  of  a 
small  lever  a  suspended  on  a  pillar,  one  end  dipping  into  a  mereuiy  cup  6» 
and  the  other  provided  with  a  friction  roller,  running  on  an  nndulatingf 
wheel  c,  the  prominent  part  of  which,  raising  the  end  of  the  lever,  dips  the 
other  end  into  the  mercury ;  a  spring  d  raising  it  out  when  the  roller  falls 
on  the  lower  parts  of  the  wheel,  d  and  e  are  the  binding  screws  for  forming 
connection  with  the  battery ;  the  opposite  screws  are  the  ends  of  the  second- 
ary eoil.  On  the  same  side  of  the  base  as  the  last  (not  seen  in  the  wood- 
cut) is  an  ivory  knob  which,  being  turned,  connects  the  ends  of  the  secondary 
coil,  either  to  diminish  the  primary  spark,  as  the  armature  will  then  rotate 
for  hours  without  burning  the  mercury,  or  to  prevent  the  operator  ftx>m 
receiving  an  unpleasant  shock  while  adjusting  the  instrument.  With  an 
intensity  series  of  8  cells  of  Smee*8  battery,  the  secondary  current  produces 
a  spark  passing  through  one 'eighth  of  an  inch  of  air,  and  with  10  cells  of 
the  nitric  acid  battery,  the  spark  is  one-fifth  of  an  inch  in  length,  and  bril- 
liantly deflagrates  gold  and  silver  leaf. 

This  instrument,  from  the  facility  which  it  afibrds  for  uniting  and  dis- 
uniting the  ends  of  the  secondary  wire,  is  wel^  adapted  for  demonstrating 
the  induction  and  reaction  of  electrical  currents. 

Numerous  other  forms  of  the  electro-magnetic  coil  macbinehave 
been  devised,  principally  for  the  medical  administration  of  elec- 
tricity ;  but  as  the  principle  is  the  same  in  all,  it  is  unnecessary  to 
describe  them. 

(185)  SnlimkorlFs  Znauetlon  Coil. — In  the  year  1842,  MM. 
Masson  and  Breguet  constructed  a  coil  with  which  they  obtained 
a  spark  between  the  terminals  of  the  secondary  coil  in  vacuo,  and 
also  ignited  platinum  wire ;  but  from  the  imperfect  way' in  which 
the  wire  was  insulated,  they  could  not  obtain  a  sensible  spark  in 
free  air,  though  they  succeeded  in  charging  a  condenser.  About 
the  same  time  Mr.  Hearder  constructed  a  coil  with  which  sparks 
could  be  obtained  in  air,  and  Leydcn  jars  charged.  . 

In  1851,  M.  Ruhmkorff  brought  the  induction  coil  to  far  greater 
perfection  than  it  had  hitherto  attained,  by  paying  the  greatest 
attention  to  the  insulation  of  the  secondary  wire,  which,  after 
being  covered  with  silk,  was  surrounded  with  a  layer  of  gum  lac, 
and  the  ends  attached  to  glass  columns  fixed  on  the  base-board  of 
the  instrument  He  likewise  increased  considerably  the  length  of 
th^coil,  diminishing  at  the  same  time  its  thickness,  having  found 
experimentally  that  the  inductive  effects  of  the  apparatus  are  in- 
creased in  proportion  as  the  number  of  the  spirals  is  augmented. 
As  thus  constructed,  the  instrument  exhibited  extraordinary  effects: 
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brilliant  sparks  were  not  only  obtained  at  the  points  of  disjunction, 
but  also  between  the  wire  and  a  conducting  body  in  communica- 
tion with  the  earth;  whilst  in  vacuo  a  brilliant  and  continuous 
stream  of  str(^ified  light  was  produced.  By  interposing  in  the  cir- 
cuit of  the  primary  or  inducing  wire  a  single  condenser,  as  recom- 
mended by  Fizeau,  a  further  augmentation  of  power  was  obtained ; 
the  sparks  in  the  free  air  were  increased  to  nearly  three-fourths  of 
an  inch  in  length,  and  were  accompanied  with  a  snapping  noise, 
while  the  power  of  the  shocks  was  exalted  to  such  a  degree  as  to 
be  excruciating,  and  even  dangerous. 

Buhmkorif' 8  improved  induction  coil  is  shown  in  Fig.  171. 

The  bobbin  is  arranged  horizontally ;  the  core  is  of  thin  cardboard : 
and  the  ends  are  either  of  glass*  or  of  well-varnished  wood,  or  of  gutta 
percha.    The  primary  coil  is  a  well-insulated  wire  of  about  0*078  inch  in 

Fig.  271. 


diameter ;  the  secondary  is  a  fine  thin  wire  (Ko.  36  of  commerce).  The 
extremities  of  the  latter  pass  through  tubes  of  glass  at  the  end  of  the  bobbin, 
if  the  ends  are  made  of  wood,  but  simply  through  holes  drilled  in  them  if 
they  are  of  glass  or  gotta  percha.  In  the  figure  the  extremities  of  the  thick 
coil  are  attached  to  the  column  i,  o,  while  the  ends  of  the  fine  wire  are  in- 
serted in  the  brass  caps  b  c,  insulated  on  glass  columns.  The  wires  leading 
from  the  voltaic  battery  are  attached  to  the  screws  X  b  on  either  side  of  the 
(Commutator. 

The  Commutator — This  important  part  of  the  instrument,  k  l,  is  com- 
posed of  a  cylinder  of  ivory  supported  between  two  copper  uprights.  On 
this  cylinder  are  fixed  by  screws  of  unequal  size  two  metallic  plates  a  c,  b  d, 
made  slightly  convex.  The  largest  screws,  a  and  h,  passing  through  the 
ivory,  are  inserted  into  the  brass  cylinders  o  and  e  ;  the  smaller -screws,  c  d, 
are  merely  sunk  into  the  ivory ;  the  copper  uprights  are  in  communication 
with  the  plates  m  and  o  of  the  inducing  circuits.  On  turning  the  button  p, 
suppose  the  plate  b  d  to  be  brought  into  contact  with  the  spring  b  in  com- 
munication with  the  positive  pole  of  the  battery,  the  current  will  proceed 
in  the  direction  of  the  arrows,  entering  the  cylinder  e  along  b,  descending 
K  L,  and  traversing  the  coil  through  m,  will  re-enter  the  commutator  through 
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o,  and  rifting  iip  h  into  the  cylinder  o,  will  proceed  through  the  screw  A, 
completing  the  circuit  by  A  c  in  communication  with  the  negative  pole.  If, 
on  the  other  hand,  the  plate  b  d  touch  the  spring  in  communication  with 
the  negative  pole,  it  is  easy  to  see  that  the  direction  of  the  current  through 
the  coil  must  be  reversed. 

Tlte  Interrupting  Apparatus, — This  is  shown  in  Fig.  272.  u  is  the  fasci- 
culus of  iron  wires  in  the  axis  of  the  coil ;  e  d  is  a  lever  terminated  by  a 
plate  of  iron  p,  called  the  hammer ;  a  b  is  a  spring  terminated  by  a  massive 
piece  of  copper  b,  called  the  anviL  The  screw  a  is  connected  with  one  of 
the  metallic  strips  which  convey  the  current  to  the  primary  coil.  The  ends 
B  and  F,  of  the  hammer  and  anvil,  are  tipped  with  finely-polished  platinunu 
The  end  of  the  lever  e  d  drops  into  a  slit  in  the  upper  end  of  the  column 
o  I ;  one  end  of  the  primary  coil  enters  the  column  at  h.  Ilie  operation  of 
this  inteiYupter  is  sufficiently  obvious :  as  long  as  the  anvil  and  hammer 
remain  in  contact  the  current  is  closed ;  but  under  the  influence  of  the  cur* 

Fig.  171. 


rent  the  fasciculus  of  iron  wires  becomes  magnetic,  and  the  iron  head  of  the 
hammer  is  attracted ;  the  current  is  thus  interrupted,  but  at  the  same  moment 
the  iron  wires  lose  their  magnetism,  and  the  hammer  falls  again  on  the  head 
of  the  anvil ;  this  act  restores  contact,  the  hammer  ia  again  attracted  by  the 
remagnetized  iron,  and  thus  the  current  is  interrupted  and  renewed  with  a 
rapidity  the  greater  as  the  distance  between  the  hammer  and  anvil  is  less. 

The  Condenser, — This  inventiod  of  Fizeau  was  adapted  to  his  coil  with 
great  effect  by  Ruhmkorff.  It  consists  of  /uw.sheets  of  tin-foil  pasted  on  either 
side  of  a  band  of  varnished  silk,  about  12  feet  long,  and  folded  between  two 
other  bands  of  the  same  silk,  the  whole  beingf  introduced  into  the  interior  of 
the  wooden  frame  of  the  instrument  The  coatings  of  this  condenser  are  in 
contact  with  o  h  (Fig.  272). 

The  condenser,  then,  is  a  modification  of  tbe  Leyden  jar,  but  its 
functions  are  not  clearly  understood.  According  to  Fizeau,  it 
condenses  and  destroys  by  a  static  eifect  the  electricity  of  tension 
or  induction,  which  gives  rise  to  an  extra  current  in  the  induction 
wire,  and  which  reacts  on  the  induced  current  in  the  secondary 
wire  in  a  direction  contrary  to  that  of  the  voltaic  current  The 
condenser,  by  absorbing  the  extra  current^  not  only  prevents  its 
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injurioiis  action  on  the  contact  breaker,  but  becomes  itself  charged , 
one  coating  with  positive  and  the  other  with  negative  electricity ; 
these  two  electricities  recombine  immediately  through  the  primary 
wire  and  battery,  giving  rise  to  a  current  contrary'  to  that  of  the 
latter,  the  consequence  of  which  is  the  instant  demagnetization  of 
the  iron  core,  and  the  production  of  an  exceedingly  intense  wave 
of  induced  electricity  of  momentary  duration.  According  to 
Faraday,  the  action  of  the  condenser  is  to  diminish  the  intensity 
of  the  inducing  current  at  the  moment  when  it  would  otherwise 
produce  injurious  results.  At  the  first  moment  of  the  birth  of  a 
current  in  the  wire,  lateral  induction  is  brought  about  at  the  ex- 
pense of  the  direct  induction  in  the  body  of  the  wire,  but  as  soon 
as  the  former  has  attained  its  maximum,  the  latter  (that  of  the 
wire)  becomes  proportional  to  the  intensity  of  the  battery.  Thus 
on  connecting  the  two  coatings  of  a  Leyden  phial  by  a  long  insu- 
lated wire,  and  presenting,  near  the  points  of  its  attachment  to  the 
armatures,  the  two  ends  of  another  wire  so  near  that  the  resistance 
of  the  air  shall  be  less  than  that  of  the  wire,  a  great  part  of  the 
discharge  will  take  place  across  the  air ;  but  if  the  wire  be  in  con- 
tact Ynth  one  of  the  coatings  of  a  condenser,  then  no  spark  will  be 
perceived  between  the  points ;  and  it  is  for  a  similar  reason  that 
the  spark  of  the  interrupter  in  RuhmkorfTs  apparatus  is  sensibly 
enfeebled. 

The  condenser  does  not  increase  the  q^tantity  of  electricity  set  in 
motion  in  the  secondary  wire,  as  may  be  proved  by  the  galvano- 
meter, but  it  does  vastly  increase  its  intensity,  as  is  demonstrated 
by  its  physiological  effects,  and  by  the  length  of  the  spark  between 
the  terminals. 

Greiat  improvements  have  been  made  on  the  original  induction 
coil  of  Ruhmkorff;  by  the  inventor  himself;  by  Hearder,  Bentley, 
and  Ladd,  in  this  country ;  and  by  Kitchie,  in  America.  These 
imjMrovements  have  been  based  on — i.  a  special  attention  to  the  in- 
sulation and  arrangement  of  the  secondary  coil )  2.  on  the  increase 
ii^  the  size  and  arrangement  of  the  condenser;  and  3.  on  the 
method  of  breaking  and  renewing  battery  contact. 

A  good  form  of  self-acting  contact  breaker  for  small  coils  is  that 
devised  by  Ladd,  which  is  constructed  with  the  object  of  giving 
the  operator  the  means  of  setting  up  a  greater  or  less  resistance  to 
the  attractive  force  exerted  by  the  magnetic  iron  core. 

This  is  accomplished  by  attaching  the  hammer  to  a  stiff  spring  placed 
vertically  (as  shown  in  Fig.  273),  where  A  is  the  disc  of  iron  capping  one 
end  of  the  iron;  b  the  iron  hammer  of  the  contact  breaker  surmounting  a 
«tiff  spring  attached  to  a  brass  stand  screwed  to  the  base-board  of  the  in- 
strument; c  is  a  little  projecting  nipple  tipped  with  platinuijn;  d  a  corre- 
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spending  little  disc  of  platinam  soldered  to  the  end  of  a  screw  which  passes 
through  the  top  of  a  brass  pillar  firmly  screwed  down  to  the  base-board ; 
the  distance  between  d  and  e  can  be  regulated  with  the  greatest  nicety  by 
the  thumb-screw  e.    Now  when  c  and  </  are  in  contact,  and  the  commuta- 
tor  is  turned  on,  the  battery  cnrrent*is  circulating  round  the  primary  coil ; 
the  fasciculus  of  iron  wires  becomes  magnetic ; 
B  is  attracted  to  a,  by  which  act  e  and  d  are 
Fig-  »73»  separated;  battery  contact  is  hereby  broken,  and 

the  effects  of  the  induced  current  are  obtained  at 
the  terminals  of  the  secondary.  Now  by  turning 
the  screw  g  the  point/  attached  to  its  axis  may 
be  made  to  press  with  greater  or  less  force  on  the 
spring  supporting  the  hammer,  thereby  keeping 
e  and  d  more  or  less  firmly  in  contact,  and  ne- 
cessitating a  corresponding  degree  of  magnetism 
of  the  fasciculus  to  part  the  platinum  discs ;  "when, 
however,  this  has  been  attained,  contact  with  the 
battery  is  instantly  broken,  and  the  hammer  is 
forced  back  with  violence  by  the  conjoint  action 
of  the  spring  and  screw,  d  and  c  again  come  into 
contact,  the  iron  core  again  becomes  magnetic, 
A  attracts  b,  and  the  battery  current  is  stopped,  c  is  again  forced  upon  d, 
and  so  on. 

Now  a  degree  of  pressure  may  be  exerted  on  the  spring  support  of  b  by 
the  screw  g,  sufficiently  great  entirely  to  overcome  the  attractive  force  of  a  ; 
under  such  circumstances  the  instrument  is  of  course  passive,  but  by  relaxing 
to  a  certain  degree,  the  magnetic  power  of  the  core  just  overcomes  the  an- 
tagonistic force  of  the  spring,  and  then  it  is  that  the  most  powerful  inductive 
effects  are  obtained,  evidently  because  the  fasciculus  has  received  from  the 
battery  its  maximum  amount  of  magpetism,  which  it  loses  instantaneously 
by  the  interruption  of  the  battery  cireuit,  giving  rise  to  a  powerful  ware  of 
electricity  in  ijie  secondary  coil. 

(186)  mttelite's  (American)  Arraaffement  of  Xnlmikorirs 
Zndiictioii  Coil. — One  of  the  most  powerful  instruments  for  the 
development  of  the  phenomena  of  induced  secondary  currents  that 
has  hitherto  been  constructed  is  that  probably  made  by  Ritchie^ 
a  philosophical  instrument  maker  of  Boston^  U.S.,  for  Mr.  Oassiot 
(Phil,  Mag.,  vol.  xv.  p.  466).  The  primary  wire  (No.  9  gauge)  is 
wound  in  three  courses  as  a  helix  150  feet  in  length ;  the  interior 
bundle  of  wires,  which  are  very  carefully  annealed,  is  18  inches 
long  and  about  if  inches  in  diameter;  the  primary  wire  has  a 
cover  of  gutta  percha  one-tenth  of  an  inch  in  thidmess,  passing 
through  the  basement  to  a  plate  of  the  same,  to  which  it  is  united ; 
over  Uiis  gutta  percha  a  glass  tube  passes.  The  secondary  helix  is 
divided  into  three  bundles,  each  5  inches  long,  wound  on  cylinders 
of  gutta  percha,  one-tenth  of  an  inch  thick ;  the  wire  in  the  upper 
.  and  lower  is  of  No.  33  gauge,  each  25,575  feet ;  the  middle  is  of 
No.  32  guage,  22,500  feet;  forming  a  total  length  of  73,650  feet. 
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The  stratum  of  wiire  is  perpendicular  to  the  length  of  the  helix,  tmd 
the  wire  is  covered  with  silk. 

The  eoHdetuer  is  made  of  vamished  tissue-paper  of  three  thick- 
nesses between  each  stratum  of  tin-foil.  There  are  three  condensers 
with  surfaces  of  about  50,  100,  and  150  feet;  by  means  of  screws 
these  can  be  used  separately  or  combined. 

The  contact  hreaker  is  ndsed  by  means  of  a  ratchet  wheel  turned 
by  the  hand,  which  acts  on  a  spring,  so  that  the  platinum  surfaces 
touch  freely.  The  upper  platinum  has  a  screw  and  binding  nut ; 
the  hanmier  must  not  bear  too  heavily,  and  care  must  be  taken  to 
adjust  the  screws  so  that  the  ratchet  wheel  works  well.  When 
the  handle  is  turned  very  slowly  the  contact  with  the  primary 
current  is  prolcmged,  and  the  iron  core  becomes  highly  magnetized ; 
the  suddenness  of  the  break  instantaneously  developes  the  entire 
Ibrce  of  the  induced  discharge,  not  only  giving  sparks  of  great 
length,  but  of  a  remarkably  dense  character,  the  main  length  of 
the  discharge  being  surrounded  by  a  sort  of  burr.  If  the  velocity 
of  the  rotation  be  increased  gradually,  the  discharge  as  gradually 
assumes  the  white  luminous  character  of  a  long  spark  taken  from 
the  prime  conductor  of  an  electrical  machine  ,*  while  if  the  velocity 
of  the  rotation  is  still  further  increased,  the  luminous  discharge  in 
air  will  disappear,  for  there  will  then  not  be  sufficient  time  be- 
tween the  ms^e  and  break  contact  to  magnetize  the  iron  core  on 
which  the  intensity  of  the  induced  discharge  mainly  depends. 

When  a  single  discharge  is  examined  by  Wheatstone's  revolving 
mirror,  it  is  seen  to  be  elongated,  but  not  divided ;  if  a  J^yden  jar 
be  introduced,  the  length  of  the  spark  is  reduced,  but  it  becomes  ex- 
ceedingly bright  and  dense,  and  when  examined  with  the  revolving 
mirror,  it  is  resolved  into  two  separated  clearly  defined  sparks. 

The  maximum  effect  with  the  three  coils,  Gassiot  considers, 
would  probably  be  to  produce  a  spark  fifteen  inches  long,  but  he 
has  not  ventured  to  excite  the  coil  to  its  greatest  intensity.  With 
five  cells  of  the  nitric  acid  battery  (each  platinum  plate  being  4.x  8 
inches),  he  obtained  from  the  three  coils  sparks  or  flashes  ttodve 
mtd  a  qtutrtei' ifichea  in  length ;  from  two  coils,  of  10  inches;  and 
from  one  coil,  of  5  inches  in  length. 

The  method  of  coiling  the  secondary  wire,  beginning  with  the 
inner  circle  and  gradually  extending  to  the  outer  circumference 
(in  the  manner  that  seamen  coil  ropes  on  the  deck),  and  continu- 
ing the  next  layer  from  the  outer  to  the  inner,  and  so  on,  repeat- 
ing tin  the  reel  is  completed,  secures  the  coil  fi  6m  the  risk  of 
disruption,  but  it  becomes  liable  for  the  discharge  to  pass  from  the 
jintemal  terminal  of  the  secondary  to  the  primary,  even  when  pro- 
tected by  a  glass  cover  and  thick  gutta  percha. 
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Profeseor  Callan  uses  iron  wire  for  the  secondary  coil.  He  de- 
scribes (PAt7.  Mag.,  voL  xvii.  p.  332)  a  coil  which,  though  only 
5  inches  long,  gives,  with  three  cells  of  the  cast  iron  battery,  each 
4  inches  square,  sparks  between  the  secondary  terminals  four  and 
one-eighth  inches  long. 

Ruhmkorfirs  large  coils  contain  as  much  as  1 00,000  metres 
(=about  60  miles)  of  wire  in  the  secondary  coil ;  battery  contact 
is  broken  and  renewed  by  a  pointed  slip  of  platinum,  which  is 
made  to  dip  in  and  out  of  an  amalgam  of  platinum  and  mercury, 
covered  with  alcohol,  either  by  the  hand  or  by  an  oscillating  beam 
worked  by  a  smfdl  electro-magnet  This  magnificent  electrical 
instrument,  when  excited  by  a  single  cell  of  Bunsen's  battery,  the 
carbon  plates  of  which  are  7  x  6  inches,  gives  sparks  3  J  inches  in 
length ;  two  cells  give  sparks  6|  inches ;  three  cells,  sparks  io| 
inches ;. four  cells,  1 2 1^  inches ;  five  cells,  sparks  14  inches ;  six  cells^ 
sparks  1 5  inches ;  seven  cells,  sparks  1 6  inches.  Beyond  this  it  is 
not  safe  to  go  for  fear  of  injury  to  the  instrument,  though  with 
eight  cells  sparks  or  flashes  upwards  of  19  inches  in  length  have 
been  obtained.* 

Mr.  Ladd  constructs  coils  with  between  6  and  7  miles  of  second^ 
ary  wire  which,  when  excited  by  five  ceUs  of  Grove's  nitric  acid 
battery,  platinum  plates  5^X4  inches,  give  sparks  between  8  and 
9  inches  in  length. 

(187)  Phenomena  of  fbe  Xndiioed  Churent. — i.  The  Spark  in 
Air. — Taken  between  two  wires  of  sufficient  thickness,  it  appears 
under  the  form  of  a  bundle  of  three  or  four  darts  of  fire  more  or 
less  curved ;  between  larger  surfaces  the  sparks  pass  at  longer  in- 
tervals, but  with  greater  noise  and  energy.  When  the  interrup- 
tions of  the  primary  are  slow,  the  sparks  are  longer  than  when 
they  are  rapid,  time  being  required  for  the  development  of  induc- 
tion. It  must  be  observed  that  although  when  the  poles  of  the 
secondary  coil  are  connected  by  a  metallic  wire,  or  by  a  good  con- 
ducting liquid,  there  are  two  currents  moving  alternately  in  oppo« 
site  directions,  yet  when  the  poles  are  separated  by  a  thin  stratum 
of  air,  one  only  of  these  two  currents  or  waves  is  brought  into 
action,  that,  namely,  due  to  the  breaking  of  the  voltaic  current ; 
the  other,  that  produced  by  closing  the  current,  is  stopped  off  from 

*  In  the  Jurorf  Report  on  Electrical  Innfruments  (IntematioDal  Exhibition, 
1862%  there  is  a  description  of  an  indaction  coil  exhibited  bj  Messrs. 
Siemens  and  Halske,  of  Berlin,  which  is  stated  to  give  sparks  from  one  to 
two  feet  in  length  when  excited  by  six  large  Grove's  cells,  although  the 
secondary  wire  does  not  exceed  in  length  6^  miles  (10,755  metres).  It  was 
afterwards  discovered  that  this  description  was  inaccurate,  the  length  of  the 
secondary  coil  being  80  miles  (129,000  metres),  so  that  it  is  fi(r  inferior  in 
power  to  the  instruments  of  RuhmkoriTand  Ritchre. 
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the  secondary  wire  being  expended  in  the  primary  wire  itself.  The 
secondary  -wire  gives  then  a  series  of  intermitting  ctirrents,  all  of 
which  have  a  comn^on  direction. 

If  the  spark  be  attentively  watched  in  the  dark^  it  is  seen  to  be 
surrounded  with  a  sort  of  yellow-green  atmosphere  of  greater  or 
less  thickness,  according  to  the  force  of  the  battery.  It  is  gene- 
rally of  an  ovoid  form,  and  seems  to  be  collected  principally  round 
the  negative  pole.  When  a  steady  current  of  air  is  thrown  upon 
the  spark  taken  between  two  metallic  wires,  the  luminous  atmo- 
sphere becomes  expanded  into  a  large  mass  of  irregular  violet- 
coloured  flame,  surrounded  by  bundles  of  rays,  the  spark  itself  not 
appearing  to  undergo  any  variation. 

If  the  spark  be  passed  through  a  glass  tube  by  means  of  vrires 
hermetically  sealed  into  its  sides,  and  the  ends  about  one-tenth  of 
an  inch  apajrt,  red  vapours  are  formed  in  from  ten  minutes  to' half 
an  hour,  proving  that  the  oxygen  and  nitrogen  have  entered  into 
chemical  combination.  Becquerel  and  Fremy  have  proposed  this 
experiment  as  a  test  for  nitrogen. 

In  condensed  air  the  spark  is  shorter  and  more  collected,  as  is 
the  case  with  ordinary  electricity.  In  rarefied  air,  on  the  contrary, 
it  receives  a  wonderful  development,  but  is  less  intense  in  light. 
In  hydrogen  the  spark  is  feeble,  and  very  red ;  in  carbonic  acidy  it 
is  vivid  and  white.  Ozone  may  be  produced  by  the  induction 
spark,  either  directly  or  indirectly.  •  In  the  former  case,  the  spark 
is  taken  between  two  wires  sealed  into  a  tube  filled  with  pure  dry 
oxygen ;  the  sparks  must  succeed  each  other  slowly  and  gently. 

Decomposition  of  Gaseous  Compounds. — When  the  induction 
spark  is  sent  through  ammoniacal  gas,  it  exhibits  a  violet  light  sur- 
rounded with  a  blue  edge;  the  gas  soon  undergoes  decomposition, 
the  original  volume  being  doubled,  the  spaik  then  exhibits  the 
pure  violet  light  characteristic  of  hydrogen,  and  water  projected 
into  the  tube  produces  no  diminution  of  volume.  The  coil  thus 
becomes  a  useful  instrument  for  demonstrating  the  composition  of 
this  alkaline  gas. 

For  the  introduction  of  the  spark  current  through  this  and  other 
gaseous  compounds,  the  simple  apparatus  shown  in  Fig.  274  was 
contrived  by  Buff  and  Hoiimann. 

A  fine  platinum  -wire  is  fused  into  the  shorter  limb  of  a  thin  U-shaped 
glass  tube,  and  filed  off  so  as  scarcely  to  project  beyond  the  glass.  At  a 
distance  of  a  few  millimetres  from  the  platinum  pole  thus  obtained,  the  loop 
of  a  necond  platinum  wire  is  thrown  over  the  tube,  and  the>nrire  wound  round 
the  tube  until  it  nearly  reaches  the  bend.  The  tube,  is  then  filled  with 
mercury,  and  the  shorter  limb  introduced  into  the  gas  tube  containing  the 
gas  to  be  operated  upon,  inverted  over  mercury  In  a  deep  cylinder  trough. 
The  pole  wires  of  the  induction  coil  being  now  introduced,  the  one  into  the 
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open  end  of  the  U-tube  filled  with  roercnry,  and  the  other  into  the  mercury 

of  the  cylinder  trough,  the  spark  current  may  be  established 

p^,  274.      ^^  interrupted  at  will,  by  either  depressing  the  U-tabe  until 

the  outer  platinum  wire  reaches  the  surface  of  the  mercury,  or 

by  lifting  it  so  as  to  break  contact. 

2.  The  Spark  in  Liquids, — In  all  good  conductiiig 
liquids  there  is  of  course  no  spark;  1)ut  in  those 
liquids  which  conduct  either  imperfectly,  or  not  at 
all,  crackling  sparks  are  obtained.  In  oil  the  sparks 
are  greenish  white,  in  alcohol  they  are  red  and  cre- 
pitating; brilliant  sparks  are  obtained  in  turpentine 
and  Urndphide  of  carbon.  If  some  oil  be  poured  on 
the  surface  of  water  in  a  glass  vessel,  and  one  of  the 
wires  covered  with  gutta  percha  introduced  beneath 
the  water,  and  the  other  immersed  in  the  oil  within 
striking  distance,  strong  crepitating  sparks  are  ob- 
tained, and  hydrogen  gas  is  liberated,  which  bums  on 
the  surface  of  the  liquid.  Between  a  pair  of  guarded 
platinum  points  a  continuous  light  may  be  kept  up  in 
acidulated  water,  or  in  a  solution  of  sulphate  of  copper. 

3 .  The  Spark  in  Rarefied  Air  and  Gases, — When  the  discharge  from 
the  induction  coil  is  made  to  pass  through  highly  rarefied  air,  the 
phenomena  of  auroral  light  (p.  34)  are  produced  in  a  beautiful  and 
varied  manner  across  long  intervals.  One  of  the  most  beautiful 
experiments  that  can  be  made  with  the  secondary  current  is  pro- 
bably the  following,  thus  described  by  Mr.  Gassiot,  and  called  the 
Electrical  Cascade  (Phil  Mag.,  vol.  vii.  p.  854) : — 

Two- thi  rds  of  a  beaker,  4  inches  deep  by  2  inches 
Pi»-  a75«  wide,  are  coated  with  tin-foil,  leaving  1-5  inch  of 

the  upper  part  uncoated.  On  the  plate  of  an  air- 
pump  is  placed  a  glass  plate,  and  on  it  the  beaker, 
covering  the  whole  with  an  open-mouth  glass  re- 
ceiver, on  which  is  placed  a  glass  plate  having  ^ 
thick  wire  passing  through  a  collar  of  leathers; 
the  portion  of  the  wire  within  the  receiver  is  covered 
with  a  glass  tube.  One  end  of  the  secondary  coil  is 
attached  to  thin  wire,  and  the  other  to  the  plate  of 
the  pump.  As  the  vacuum  improves,  the  effect  is 
truly  surprising:  at  first  a  faint  clear  blue  light 
appears  to  proceed  from  the  lower  part  of  the  beaker 
to  the  plate,  this  gradually  becomes  brighter  until 
by  slow  degrees  it  rises,  increasing  in  brilliancy, 
until  it  arrives  at  that  part  which  is  opposite  or  in 
a  line  with  the  inner  coating,  the  whole  being  in- 
tensely illuminated.  A  discharge  then  commences  from  the  inside  of  the  beaker 
to  the  plate  of  the  pump  in  ininute  but  difiiised  streams  of  blue  light;  con- 
tinuing the  exhaustion,  at  last  a  discharge  takes  place  in  the  form  of  an  undi- 
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Yided  contioftoas  stream,  overlapping  the  vessel  as  If  the  electric  fluid  were 
itself  a  material  body  mnning  over.  If  the  position  of  the  beaker  be  reversed 
by  placing  the  open  part  on  the  plate  of  the  air-pump,  and  the  upper  wire  is 
either  in  contact  with  or  within  an  inch  of  the  outside  of  the  vessel,  streams 
of  blue  lambent  flame  appear  to  pour  down  the  sides  of  the  plate,  while  a 
continaous  discharge  takes  place  from  the  inside  coating.  The  arrangement 
of  this  experiment  is  shown  in  Fig.  275. 

If  a  tube,  from  3  to  7  fe^t  long  and  from  ij  to  2  inclies  in 
diameter,  be  connected  by  wires  at  each  end  with  the  terminab 
of  the  secondary  coil,  and  the  air  removed  by  an  air-pump,  as  the 
exhaustion  proceeds  a  splendid  auroral  light  fills  the  tube  with 
coruscations,  and  as  the  vacuum  gets  more  perfect  a  broad  crimson 
riband  is  obtained,  extending  throughout  the  entire  length  of  the  tube. 
If  a  small  quantity  of  air  be  then  admitted,  the  riband  disappears 
and  the  coruscations  return ;  but  these  gradually  die  out  as  the  air 
enters.  A  few  strokes  of  the  pump,  however,  bring  them  back 
Again,  and  thus,  by  increasing  or  diminishing  the  density  of  the 
air,  the  appearance  of  the  discharge  in  the  tube  may  be  made  to 
undergo  corresponding  variations. 

(188)  Btratilleatloiis  in  Bleetrieal  BUeliarges  la  Torrie«l- 
Uaa  aad  otber  Vaenk. — Mr.  Grove,  in  his  investigations  to 
determine  the  electro-calorific  effects  due  to  the  polar  reactions  of 
induced  currents  on  metallic  plates,  made,  among  other  experi- 
ments, the  following : — A  piece  of  carefully  dried  phosphorus  was 
placed  in  a  little  metallic  cap  and  covered  with  a  receiver  having  a 
cap  and  wire ;  on  making  a  good  vacuum,  instead  of  a  simple  dif* 
fused  light,  he  obtained  a  light  completely  stratified ;  that  is  to 
say,  divided  transversely  to  the  direction  of  the  jet  by  a  multi- 
tude of  veiy  straight  and  mobile  black  bands.  Similar  pheno-  - 
mena  were  subsequently  noticed  by  Ruhmkorff  in  an  alcohol 
vacuum — viz. :  magnificent  vibrating  stratifications  in  the  middle 
of  the  red  light  issuing  from  the  positive  pole.  They  were  also 
studied  by  M.  Quet  {Conipte&-ReMkiSy  Dec.  1S52). 

When  the  poles  of  the  secondary  are  about  3  or  4  inches  apart 
in  a  good  vacuum  produced  in  the  electric  ^^t;  (^g*  27^)  two  dis- 
tinct lights  are  produced,  differing  in  colour,  form,  and  position ; 
that  round  the  negative  ball  and  wire  is  blue,  it  envelopes  it  regu- 
larly ;  that  round  the  positive  is  fire-red,  it  adheres  to  one  side, 
and  stretches  across  towards  the  negative.  On  close  examination, 
this  double  light  is  seen  to  have  a  singular  constitution ;  it  is  stra- 
tified, being  composed  of  a  series  of  brilliant  bands,  separated  from 
each  other  by  dark  bands.  These  bands  are  well  observed  in  vacua 
of  wood  tpirit,  gpirU  of  turpentine,  alcohol^  tMphthay  and  bichloi'uh  of 
tin,  and  the  vacuum  must  be  as  perfect  as  the  best  air-pump  can 
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make  it.  The  appearance  is  then  that  of  a  pile  of  electric  light. 
In  the  red  light  the  hrilliant  bands  approaching  nearest  the  nega- 
tive ball  have  the  form  of  capsules,  the  concave  part  being  turned 
towards  the  ballj  their  position  and  figure  are  sensibly  fixed. 
The  extreme  capsule  does  not  touch  the  violet  light  of  the  nega- 
tive pole,  being  separated  from  it  by  a  dark  band  greater  or  less 
according  to  the  nature  and  perfection  of  the  vacuum^  that  with 
spirits  of  turpentine  giving  the  greatest. 

Fig.  276  presents  an  accurate  representation  of  this  singularly 
beautiful  phenomenon. 

Fig.  176.  Fig.  X77. 


Fig,  178, 


A  light,  though  less  red  and  brilliant,  may  be  obtained  from  one 
pole  of  the  secondary  wire  only,  that  of  the  exterior  end  of  the  coil 
which  possesses  electricity  of  the  greatest  tension ;  and,  if  the  vacuum 
be  very  good,  this  light  may  be  made  to  bifurcate  by  placing  the 
finger  against  the  outside  of  the  glass,  as  shown  in  Fig.  277. 

If  a  bar  of  soft  iron,  surrounded  with  a  coil  of  insulated  copper  wire, 
be  fixed  into  the  cap  of  the  electric  egg  (Fig.  278),  and  the  latter  then 
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exhausted,  a  splendid  band  of  purple  light  is  produced,  which  com- 
mences rotating  round  the  iron  rod  the  moment  the  latter  is  con- 
verted into  an  electro-magnet  by  sending  the  current  from  a  small 
voltaic  battery  through  its  surrounding  coil.  On  changing  the  direc- 
tion of  the  induced  current,  the  direction  of  the  rotation  changes 
also.  The  electric  light  in  this  beautiful  experiment  takes  the  place 
of  the  conducting  wire  in  Faraday's  experiment  (Fig.  220,  p.  273). 

M.  Quet  found  that,  when  a  galvanometer  was  interposed  in  ^e 
circuit,  no  current  was  indicated  as  passing 
through  the  electric  egg  till  the  exhaustion  ^  Fig.  X79. 
was  tolerably  good,  and  the  light  continuous  ; 
the  needle  then  became  permanently  deflected. 
The  first  light  that  appeared  was  the  red 
round  the  positive  ball,  but  it  was  not  till  the 
exhaustion  became  very  perfect  that  the  bhte 
light  became  well  developed  and  extended 
round  the  negative  wire. 

If  a  considerable  resistance  be  introduced 
into  the  induced  circuit,  or  if  the  two  cur- 
rents be  made  to  circulate  in  opposite  direc- 
tions through  the  receiver,  the  red  light  dis- 
appears from  the  positiye  pole,  giving  place  to 
a  blue  light ;  the  positive  and  negative  lights 
are"  now  the  same,  the  appearance  of  the  egg 
being  as  represented  in  Fig.  279. 

(189)  Xnvesticattoiis  of  Oassiot. — The  phenomena  of  the 
stratification  in  electrical  discharges,  as  observed  in  Torricellian  and 
other  vacua,  have  been  minutely  studied  by  Gassiot  (PML  Tra$is., 
March  4,  1858  ;  the  ^  Bakerian  Lecture^  and  ThiL  Tram.y  Jan.  13, 
1839).  When  the  discharge  from  the  induction  coil  is  transmitted 
through  a  Torricellian  vacuum^  the  cylinder  is  brilliantly  illumi- 
nated vTith  a  dense  phosphorescent  light,  filling  the  entire  vacuum, 
the  intensity  of  the  light  depending  on  the  energy  of  the  battery. 
This  light  has  generally  been  observed  to  be  without  stratification, 
but  by  employing  great  care  in  the  construction  of  the  vacua,  and 
using  a  single  cell  of  Grove's  battery,  Gassiot  obtained  distinct 
stratification,  extending  from  the  positive  wire  to  the  dark  space, 
while  the  usual  blue  flame  surrounding  the  intense  red,  which  has 
the  appearance  of  red  heat,  was  visible  on  the  negative  v^dre. 
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A  good  stratification  is  shown  in  Fig.  280,  the*  tube  being  as 
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perfect  a  Tonicellian  vacuum  as  could  be  made  with  pure  and) 
carefully  boiled  mercury,  and  Fig.  28 1  shows  the  wavy  line  dis- 
charge in  a  similar  tube  in  which  a  slight  trace  of  moisture  was 
present;  no  stratifications  are  here  visible,  though  they  are  imme- 
diately produced  by  condensing  the  moisture  by  plunging  the  tube 


into  a  freezing  mixturCi  In  Torricellian  vacua  obtained  by  Welshes 
process,  the  mercury  not  being  boiled  (Phil.  Trans, y  vol.  cxlvi. 
p.  507),  the  phenomena  of  the  stratified  discharge  could  be  ex- 
amined with  ease  and  care. 

Figs,  281  and  283   are  faint  representations  of  the  beautiful 
appearances  of  the  stratifications  as  obtained  in  pear-shaped  vessels. 
That  shown  in  Fig.  28 1  is  3  inches  in  internal  diameter,  the  wires 
being  5  inches  apart  from  point  to  point.    The  vessel  was  filled 
with  pure  mercury  and  boiled ',  it  was  afterwards 
Vig.  28x.         exhausted  by  the  air-pump.    If  the  mercury  be 
permitted  to  ascend,   inmiediately  it  covers  the 
negative  wire  the  stratifications  disappear  and  the 
"'      interior  of  the  globe  is  filled  with  bluish  light ; 
a  bright  spot  of  light  is  vi- 
sible on  the  end  of  the  posi- 
tive wire,  and  the  negative 
mercury  is'  covered  with    a 
white     phosphorescent     film . 
about  one-eighth  of  an  inch 
in  thickness. 

The  egg-shaped  vessel  re- 
presented in  fig.  282  is  25 
inches  long,  the  globular  part 
being  18  inches  in  length  and 
7  inches  in  diameter ;  the 
wires  a  A  are  22  inches  apart, 
and  caustic  potash  is  placed  in 
the  narrow  end.  It  is  charged 
with  carbonic  acid,  and  then 
exhausted.  On  heating  the  caustic  potash  with  a  spirit-lamp,  the 
discharge  assumes  the  character  of  large  and  distinct  clouds^  dearly 
and  separately  defined,  and  extending  to  the  entire  diameter  of  the 
vessel ;  these  clouds  are  strongly  affected  by  induction  as  the  hand 
approaches  the  globe,  presenting  a  very  striking  appearance. 
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No  signs  of  any  discharge  can  be  observed  in  the  vacuum  on 
making  contact  when  tbe  primary  current  is  excited  by  a  single 
cell,  but  evidence  of  action  in  tbe  secondaiy  coil  can  be  detected 
by  the  galvanometer,  and  also  in  the  following  manner : — 

Let  the  ends  of  the  platinam  wires  attached  to  the  terminals  of  the  second- 
ary coil  rest  on  a  piece  of  bibalons  paper  moistened  with  a  solution  of  iodide 
of  potasainm,  complete  the  circuit  of  the  commutator,  and  then  remove  the 
paper,  iodiue  will  be  evolved  from  one  terminal. 

Make  contact  with  the  moistened  paper,  keeping  the  primary  circuit  com- 
plete ;  remove  the  paper,  no  trace  of  iodine  is  perceptible,  proving  that  in 
this  state  there  is  no  current  in  the  secondary  wire.  Again,  make  contact 
with  the  moistened  paper  and  the  platinum  wire,  break  the  circuit  with  the 
commutator,  and  iodine  will  be  immediately  evolved  at  the  opposite  terminal 
in  much  larger  quantity  than  in  the  former  case. 

In  order  to  ascertain  whether  the  stratifications  in  the  positive 
discharge  arise  from  interference,  Gassiot  caused  the  discharges  from 
two  separate  coils  to  intermingle  with  each  other ;  and  he  found 
that,  whether  they  were  made  in  the  same  direction  or  opposed  to 
each  other,  the  separate  stratifications  from  the  discharge  of  each 
c(»l  remained  visible,  although  producing  a  degree  of  confusion 
tem  their  interposition.  The  positive  division  of  the  discharge  is 
of  greater  intensity,  and  consequently  of  much  greater  length,  than 
the  negative.  Gassiot  has  obtained  the  stratifications  in  a  tube 
5  feet  8  inches  in  length ;  he  found  also  that  the  stratifications 
are  very  powerfully  affected  by  the  magnet  When  the  discharge  is 
made  from  wire  to  wire,  if  a  horseshoe  magnet  be  placed  along  the 
tube  so  as  alternately  to  present  the  poles  to  different  contiguous 
positions  of  the  discharge,  it  will  assume  the  form  of  /^  in  conse- 
quence of  its  tendency  to  rotate  round  the  poles  in  opposite  direc- 
tions as  the  magnet  in  this  position  is  moved  up  and  down  the 
side  of  the  tube. 

When  the  discharge  was  first  made  in  the,  pear-shaped  apparatus 
(Fig,  283),  the  mercury  being  negative,  and  allowed  to  enter  the 
vessel  till  about  two  inches  from  the  positive  wire,  the  discharge 
formed  nearly  a  straight  line ;  in  this  position,  when  the  pole  of  a 
powerful  electromagnet  was  placed  close  to  the  glass  vessel,  the 
discharge  was  defiected  across  the  pole  at  right  angles,  the  dis- 
charge being  from  the  positive  wire  to  the  negative  mercury ;  if 
the  pole  presented  was  north,  the  discharge  was  deflected  to  the 
right  when  looking  from  the  magnet  to  the  discharge,  carrying 
with  it  the  red  spot  in  a  direct  line  across  the  mercury. 

T\oo  Distinct  Fonns  of  Stratijied  Electrical  Discharge. — 
Rg.  284  represents  a  vacuum  tube  38  inches  long,  the  wires, 
0  6,  32  inches  apart;  c  c'  are  moveable  coatings  of  tin-foil, 
two  inches  long,  wrapped  round  the  tube.    When  the  discharges 
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from  an  induction  coil  are  made  from  wire  to  wire,  clear  well- 
defined  strise  are  obtained ;  and  if  the  tube  be  placed  in  a  horizontal 
position  over  the  pole  of  a  magnet,  the  stratifications  evince  a  ten- 
dency to  rotate  as  a  whole,  in  accordance  with  the  known  law  of 

Fig.  i«4. 


electromagnetic  rotation  (150);  but  when  the  discharge  is 
from  coating  to  coating,  the  stratifications  have  no  longer  a  ten- 
dency to  rotate  aa  a  whole,  but  are  divided.  If  the  tube  be  now 
plac^  between  the  poles  of  a  powerful  electromagnet,  one  set  of 
stratifications  are  repelled  from  and  the  other 
attracted  towards  or  within  the  bent  portion 
of  the  magnet ;  and  when  the  tube  is  placed 
on  the  north  pole,  the  divided  stratifications 
arrange  themselves  on  each  side  of  the  tube, 
changing  their  respective  positions' when  placed 
on  the  south  pole,  but  in  all  cases  each  set  of 
stratifications  are  concave  in  opposite  direc- 
tions. 

Gassiot  designates  the  first  form  ofistratified 
discharge  the  direct,  and.  the  latter  the  induced 
discharge. 

Infiuence  of  Temperature  on  the  Strtttified 
Discharge, — The  following  experiment  is  de- 
scribed by  Mr.  Gassiot : — 

Fig.  285  represents  a  Torricellian  vacuain  tube,  22 
inches  long  and  i|  inch  internal  diameter  ;  the  wires, 
a  b,  are  19  inches  apart ;  sufficient  mercury  remains 
in  the  tube  to  cover  the  lower  wire»  and  in  this  man- 
ner one  terminal  is  a  wire  of  platinam,  and  the  other 
a  surface  of  mercury ;  c  is  a  glass  vessel  to  contain  a 
freezing  bath,  composed  of  ether  and  solid  carbonic 
acid.  When  this  tube  is  suspended  by  a  string,  its 
lower  end  not  being  immersed  in  the  freezing  mix- 
ture, the  induction  coil,  excited  bv  a  single  cell  of 
the  nitric  acid  battery,  gives  clear,  distinct,  lar^e 
cloud-like  discharges,  leaving  a  dark  band  14  or  15  ' 
inches  in  length.  When  a  magnet  is  presented  a  little 
above  the  surface  of  the  mercury,  a  brilliant  blue 
phosphorescent  discharge  proceeds  from  the  upper  part  of  the  negative 
temanal  (6),.  while  at  the  same  time  cloud-like  stratifications  from  the 
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positive  wire  are  brought  down  the  tube.  This  phosphorescent  blue  dis- 
cbarge can,  by  manipulation,  be  expanded  or  contracted  by  the  magnet  in 
a  remarkable  manner.  If  the  lower  end  of  the  tube  be  immersed  in  the  freez- 
ing bath,  as  shown  in  the  figure,  when  the  temperature  is  reduced  10  —  85° 
Fab.,  discharges  from  the  induction  coil  being  made,  the  stratifications 
were  no  longer  visible,  but  a  small  luminous  spot  remained  at  the  end  of  the 
positive  terminal. 

On  presenting  the  north  pole  of  a  magnet  on  one  side  of  this  luminous 
spot,  or  the  south  pole  on  the  other,  another  luminous  spot  was  visible.  On 
removing  the  tube  from  the  ether  bath,  the  mercury  gradually  liquefied,  th^ 
temperature  rose,  and  at  +  7xP  Fah.  the  stratifications  reappeared. 

When,  instead  of  cooling  the  mercury  in  the  vacuum  tube,  it 
was  gradually  raised  to  its  boiling  point  (-f-  600°  Fah.),  all  traces 
of  stratification  w^ere  likew^ise  destroyed,  but  in  this  case  the  dis- 
charge passed  along  the  mercury  as  it  condensed  in  the  cooler  part 
of  the  tube. 

(190)  aron-oonductiiiflr  Fower  of  a  Ferfeet  ▼acunni. — 
When  a  vacuum  tube  is  in  a  state  to  show  the  stratified  discharge, 
it  is  so  good  a  conductor  that  sparks  from  the  outer  terminal  of 
the  induction  coil  will  pass  to  one  of  its  wires  (the  other  being 
attached  to  the  inner  terminal)  one  inch  in  length  through  air ; 
but  Gassiot  has  obtained  carbonic  acid  vacua  so  perfect  that  no 
signs  of  luminous  discharge  can  be  observed  through  the  tube ;  in 
this  state  it  is  a  more  perfect  insulator  than  air  itself,  and  no  sparks 
can  be  obtained  from  the  outer  terminal. 

If  two  vacuum  tubes  which  conduct  are  attached  one  to  the 
inner  and  the  other  to  the  outer  terminal  of  an  induction  coil  with- 
out being  otherwise  connected  with  each  other,  a  reciprocating  dis- 
charge will  take  place  in  each,  that  from  the  outer  being  by  far 
the  more  vivid  j  if  the  circuit  be  now  completed,  either  by  a  wire 
or  by  a  tube  which  conducts,  the  stratifications  in  each  tube  be- 
come clear  and  distinct,  the  dark  discharges  becoming  as  visible  as 
if  the  circuit  with  the  coil  had  been  completed  by  a  single  tube ; 
but  if  the  circuit  be  completed  by  a  perfect  carbonic  acid  vacuum 
tube,  the  discharges  in  the  two  conducting  tubes  attached  to  the  coil 
are  reciprocating,  while  in  that  of  the  non-conducting  tube  no 
luminous  appearance  is  perceptible. 

(191)  Oonditton  of  BUobarflre  at  the  Veflratiwe  Terminal. 
— If  the  negative  wire  in  a  vacuous  tube  be  protected  by  glass 
tubing  open  at  the  end  about  one-eighth  of  an  inch  beyond  the 
point  of  the  wire  in  the  tube,  no  stratifications  can  be  observed  in 
the  discharge,  which,  in  such  cases,  merely  exhibits  a  luminous 
glow ;  if  now  the  intensity  be  reduced,  stratifications  towards  the 
positive  wire  are  obtained,  and  if  the  negative  wire  and  tubing 
are  a  little  inclined,  the  discharge  from  the  negative  wire  will 
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impinge  against  the  side  of  the  yacuum  tube^  brilliantly  illuminating 
the  spot  on  which  it  strikes ;  if  a  magnet  be  presented;  the  spot 
will  be  contracted  with  one  pole^  and  with  the  other  the  discharge 
will  be  bent  in  a  manner  so  that  its  extreme  portion  will  itself 
impinge  on  the  other  side  of  the  tube.  If  the  experiment  be  made 
by  reducing  the  intensity  of  the  discharge,  so  that  stratifications 
from  the  positive  terminal  are*  observable,  these  stratifications 
vanish  as  the  discharge,  which  apparently  proceeds  from  the  nega- 
tive terminal,  is  forced  by  the  magnet  along  the  tube. 


Kg.  186. ; 


In  this  experiment  there  is  the  appearance  of  a  direction  of  a 
force  emanating  from  the  negative  terminal,  as  well  as  one  &om 
the  positive.  The  appearances  in  the  tube  in  these  experiments 
are  represented  in  Figs.  186  and  287.  , 

Fig.  187. 


The  different  phases  of  the  electrical  discharge  in  vacua  rendered 
progressively  more  and  more  perfect,  are  well  observed  in  tubes 
that  have  been  filled  with  carbonic  add,  exhausted,  and  the  small 
residue  of  gas  gradually  absorbed  by  cau^c  potash.  The  first 
discharge  is  that  of  a  wave  passing  from  wire  to  wire ;  it  next 
becomes  a  luminous  glow,  filling  the  tube,  and  showing  narrow 
stratifications  commencing  at  the  positive  wire,  the  negative  being 
surrounded  by  a  blue  glow.  As  the  vacuum  improves,  the  narrow 
stratifications  extend  throughout  the  discharge  to  about  one  inch 


Digitized  by 


Google 


THB   PHYSICAL  CAUSE  OF  STRATIFICATIONS.        339 

of  the  negative  wire,  where  they  terminate  abruptly  in  a  dark 
space,  the  negative  wire  becoming  intensely  red ;  the  stratifications 
then  become  more  distinct  and  separated^  and  the  dark  space  often 
extends  in  a  tube  of  10  inches  in  length  to  6  or  8  inches ;  they 
next  assume  a  conical  form^  and  sometimes  disappear  altogether, 
the  tube  being  filled  with  a  faint  luminosity ;  finally,  when  the 
absorption  of  the  carbonic  acid  la  complete^  all  signs  of  luminosity 
disappear,  proving  the  non-transferring  condition  of  a  perfect 
vacuum. 

Glass  tubes  containing  highly  rarefied  gases  and  vapours,  and  of 
various  forms  and  sizes,  are  constructed  with  wonderful  ingenuity 
by  M.  Geissler,  of  Bonn,  and  may  be  procured  at  many  philoso- 
phical instrument-makers.  The  light  produced  on  passing  the 
induced  current  through  many  of  these  tubes  is  of  the  mbst 
beautiful  and  varied  character. 

(192)  Wiiat  to  the  Fliysioal  Cawie  of  the  StrattAeatteBa  t 
— ^The  following  rationale  was  advanced  by  Gbove : — ^When  the 
battery  contact  i&  broken,  there  is  generated  the  well-known  in- 
duced current  in  the  secondary  wire  in  the  same  direction  as  the 
original  battery  current,  to  which  secondary  current  the  brilliant 
effects  of  the  coil  are  due ;  ut  in  addition  to  this  current  in  the 
secondary  wire  there  is  also  a  secondary  current  ip.  the  primfuy 
wire  flowing  in  the  same  direction,  the  inductive  spark  at  the 
moment  following  the  disruption  contact  completing  the  cir- 
cuit of  the  primary,  and  thus  allowing  the  secondary  current  to 
pass.  This  secondary  current  in  the  primary  wire  produces  in  its 
turn  another  secondary,  or  what  may  be  termed  a  tertiary,  current  in 
the  secondary  wire  in  an  opposite  direction  to  the  secondary  cur- 
rent There  are  thus  almost  synchronously  two  currents  in  oppo- 
site directions  in  the  secondary  wire ;  these,  by  causing  a  conflict 
or  irregular  action  on  the  rarefied  medium,  would  give  rise  to  waves 
or  pulsations  which  might  account  for  the  stratified  appearance. 
It  is  obvious  that  the  secondary  current  must  be  more  powerful 
than  the  tertiary.  Now  supposing  an  obstacle  or  resistance  placed 
in  the  secondary  current  which  the  secondary  current  can  over- 
come, but  which  the  tertiary  current  cannot,  we  ought  by  theory  to 
get  no  strisB.  If  an  interruption  be  made  in  the  secondary  current  in 
addition  to  that  formed  by  the  rarefied  medium,  and  this  inter- 
ruption be  made  of  the  fuU  extent  which  the  spark  will  pass,  there 
are  as  a  general  rule  no  strise  in  the  rarefied  media,  while  the 
same  vacuum  tube  shows  the  strise  well  if  there  be  no  such 
break  or  interruption.  Thus  on  passing  the  discharge  through 
a  large  vacuum  cylinder  (16  inches  by  4  inches),  and  using  a 
micrometer-electrometer,  numerous  broad  and  perfectly  distinct 
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bands  were  obtained  when  the  points  of  the  micrometer  were  in 
contact ;  but  when  they  were  separated  to  the  fullest  extent  that 
would  allow  sparks  to  pass,  not  the  slightest  symptoms  of  bands 
or  striae  were  perceptible,  the  whole  cylinder  being  filled  with  an 
uniform  lambent  flame. 

With  a  spark  from  the  prime  conductor  of  an  electrical  machine, 
the  striae  do  not  appear  in  tubes  which  show  them  well  with  the 
induction  coil.  This,  Grove  thinks,  is  in  favour  of  his  theory,  but 
without  regarding  that  as  conclusive,  or  as  approved  ratumcde,  it 
seems  demonstrated  by  the  experiments  above  described  that  the 
identical  vacuum  tubes  which  show  the  strisB  with  certain  modes 
of  producing  the  discharge  do  not  show  them  with  other  modes, 
and  that,  therefore,  the  striae  are  not  a  necessary  condition  of  the 
discharge  itself  in  highly  attenuated  media,  but  depend  upon  the 
mode  of  its  production. 

The  experiments  described  by  Gassiot  {PhU.  Tram.,  1859)  are 
not  in  accordance  with  Grove's  view.  He  found  that  when  a  Leyden 
discharge  was  sent  through  a  vacuum  tube,  stratifications  as  clear 
and  distinct  as  those  from  the  induction  coil  may  be  obtained  by 
reducing  the  intensity  by  the  introduction  into  the  circuit  of  a 
piece  of  wet  string ;  he  hence  inferred  that  in  Grove's  experiment 
the  absence  of  striae,  when  the  circuit  was  interrupted,  was  due  to 
the.  heightened  intensity  of  the  discharge.  He  repeated  Grove's 
experiment  with  the  large  cylinder,  and  obtained  a  similar  result ; 
the  stratifications  were  entirely  destroyed  when  the  secondary 
current  was  interrupted,  but  they  were  restored  when  a  second 
interruption  was  made  in  the  circuit,  and  this  closed  by  a  wet 
string ',  in  this  case  it  is  evident  that  the  appearance  of  the  striae 
does  not  depend  upon  the  conflict  of  secondary  and  tertiary  cur- 
rents, but  upon  the  manner  in  which  the  discharge  passes,  Gas- 
siot found,  moreover,  that,  when  by  means  of  an  interrupted  dis- 
charge the  stratifications  are  destroyed,  they  are  reproduced  in  a 
carbonic  acid  vacuum  tube  when  heat  is  applied  to  the  caustic 
potajssa;  here  the  increased  resistance  arises  from  the  greater 
density  of  the  matter  formed  in  the  tube :  and  this  experiment  is 
in  favour  of  his  view,  viz.,  ^  that  the  stratifications  arise  from  the 
eflect  due  to  impulses  or  pulsation  of  a  force  acting  on  highly 
attenuated  matter.' 

(193)  Sleotrical  Spectra  of  Biffhly  Attenuated  Gases. — 
In  order  to  observe  and  analyse  the  spectra  produced  by  different 
gases,  Pliicker  concentrated  the  luminous  electrical  discharge  cur- 
rent in  thermometer  tubes  whose  internal  diameters  were  nearly 
the  same  for  the  different  gases  examined,  viz.,  about  0*6  milli- 
metre.   The  form  of  the  tube  is  shown  in  Fig.  188.    By  turning 
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tiie  glass  cock  c  the  gases  in  the  two  tubes  could  be  put  into  com- 
munication. The  spectra  were  observed  by  means  of  a  telescope 
(such  as  that  employed  by  Fraunhofer  in'  his  observation  of  the 
lines  of  the  solar  spectrum), 
without  angular  measure- 
ments. This  was  set  up  at  a 
distance  of  from  4  to  5  metres 
ifrom  the  vertical  line  of  the 
tube.  The  flint  glass  prism, 
whose  refractive  angle  was  45 
degrees,  was  fastened  imme- 
diately before  the  object-glass, 
whose  aperture  was  1 5  Paiisian 
lines.  The  following  results 
were  obtained  by  Pliicker : — 

1.  Hydrogen. — Almost  the  whole  of  the  light  is  concentrated  into  three 
bands :  viz.,  a  dazzling  red  at  the  extremity  of  the  spectrum ;  a  beautiful 
greenish  blue ;  and  a  violet  of  inferior  brightness,  whose  distance  from  the 
greenish  blue  is  about  two-thirds  of  the  distance  of  the  latter  from  the  red. 
In  the  narrow  tube  the  electric  light  stream  appears  red, 

2.  Nitrogen. — la  the  spectrum  of  this  gas  all  the  colours  are  fine,  none  of 
them  being  faded  as  in  the  broad  spaces  lying  between  the  bright  bands  of 
the  hydrogen  spectrum.  In  the  spaces  of  the  red,  orange,  and  yellow,  there 
are  about  fifteen  narrow  dark  grey  lines  at  nearly  equal  distances  apart.  Six 
of  these  belong  to  the  orange  and  yellow ;  both  of  these  colours  are  beautiful. 
The  red  in  the  direction  away  from  the  orange  is  shaded  ofi^  into  brown,  but 
becomes  brighter  and  purer  towards  the  extremity  of  the  spectrum  which 
stretches  beyond  the  dazzling  red  bands  of  the  hydrogen  spectrum.  A  broad 
green  space  is  separated  from  the  yellow  by  a  narrow  black  band.  The 
greater  part  of  this  space  appears  shaded  with  black  in  the  direction  away 
from  the  black  band.  On  a  more  careful  examination,  this  shading  is  seen 
to  consist  of  very  fine  black  lines,  which  are  at  equal  distances  apart,  but 
nearer  together  than  the  previously-mentioned  bands  on  the  red,  orange, 
and  yellow*  The  rest  of  the  green  space  is  again  subdivided.  The  green  is 
bordered  by  two  beautiful  bright  blue  bands,  which  are  sharply  separated 
from  one  another,  and  from  the  green  by  narrow  black  bands.  The  blue  and 
red  violet  ends  of  the  spectrum  form  nine  sharply  bordered  violet  bands, 
alternating  with  dark  ones.  The  fourth  and  fifth  bright  bands,  separated  by 
a  black  band,  possess  the  most  light;  the  four  following  ones  are  less  pro- 
minent. The  Ikst  one,  however,  which  forms  a  sharp  boundar}'^  to  the  whole 
spectrum*  is  most  distinct.  The  light  of  the  discharged  current  in  the  nar- 
row tube  is  yellowish  red. 

3.  Carbofiic  Acid. — Six  bright  bands  sharply  separate  the  bright  portion 
into  five  spaces,  of  which  the  two  first  are  of  equal  breadth ;  the  third,  and 
especially  the  two  last,  are  somewhat  broader.  The  first  of  the  six  bands 
is  situated  on  the  extreme  boundary  of  the  red ;  the  second  is  reddish  orange ; 
the  third  greemsh  yellow ;  the  fourth  green ;  the  fifth  blue ;  and  the  last  vhlet. 
Both  of  the  two  first  spaces  are  divided  into  three  equally  broad  subdivisions, 
by  narrow  black  gre}'  bauds,  of  which  two  always  border  upon  the  bright 
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band.  The  first  space  is  hrwm  redi  the  second  dirty  orange  and  ytUow ;  the 
third  and  fourth  spaces  are  niher  faded  green ;  the  fifth  space,  which  Isverv 
faded,  is  divided  into  twp  equal  spaces,  y'hich  are  shaded  off  from  the  red 
side  towards  the  violet  After  the  last-mentioned  violet  band,  another  dark 
portion  of  the  spectrum  occurs,  about  as  wide  as  the  red-yellow  portion.  In 
this  dark  portion  three  spaces  are  separated  bj  three  prominent  and  well- 
marked  violet  bands,  whose  breadth  is  of  the  same  value  as  that  of  the 
before-mentioned  six  bands.  The  first  of  these  three  spaces,  which  is  con- 
tiguous to  the  above  six  bright  bands,  is  somewhat  broader  than  the  third. 
Both  are  perfectly  black.  The  second  and  middle  space  is  about  as  broad  as 
the  first  and  third  together,  and  is  of  a  very  dark  violet  colour.  The  first 
band,  which  at  the  moment  of  commencing  was  of  an  especially  brilliant 
red,  lost  almost  the  whole  of  its  brightness  after  the  streams  had  passed 
through  the  tube  for  a  long  time.  This  was  occasioned  by  the  decomposi- 
tion of  the  gas  into  carbonic  oxide  and  oxygen^  the  latter  combining  with  the 
platinum  of  the  negative  electrode,  and  forming  oxide  of  platinum,  which 
was  deposited  of  a  yellow  colour  upon  the  neighbouring  internal  surface  of 
the  glass. 

With  oxygen  Pliicker  could  not  obtain  a  good  spectrum  on 
account  of  its  gradual  disappearance  and  combination  with  the 
platinum  of  the  electrode ;  binoxide  of  nitrogen  was  decomposed, 
giving,  after  some  little  time,  the  pure  spectrum  of  nitrogen  gas 
in  great  splendour  \  aqueous  vapour  was  likewise  decomposed,  and 
the  spectrum  of  hydrogen  produced ;  with  ammonia  the  spectra 
of  hydrogen  and  nitrogen  superposed  were  obtained. 

For  experimenting  upon  the  spectra  produced  by  different  metals, 
comparing  them  witii  that  produced  by  platinum,  the  arrangement 

shown  in  Fig,  289  is  found  very  con- 
venient. The  metals,  in  the  form  of 
wires,  are  attached  to  screws,  passing 
through  clamps'  of  vulcanite,  which 
can  be  adjusted  at  any  required 
height  and  angle  by  means  of  the 
spring  tubes  connecting  tiiem  with 
W    SH    ^  I  _J!  the  upright  pillar.     The  wires  on 

■     I  J  ^  i  *^®  left-hand  clamp  are  permanently 

*  ^    j^  j^^  platinum ;  those  on  the  right  hand 

clamp  may  be  of  any  other  metal  or 
metals ;  they  are  held  by  pincers,  so 
that  they  may  readily  be  removed 
and  replaced  by  others ;  the  two  lower 
screws  are  connected  metallically. 
The  two  upper  are  connected  with 
the  secondary  terminals  of  the  coil, 
and  then  with  the  Leyden  jar.  A  brilliant  discharge  takes  place 
simultaneously  between  the  wires  in  each  clamp,  provided  the 


Fig.  289. 
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distances  be  properly  adjusted,  and  the  apparatus  being  accurately 
arranged  before  the  spectrum-box ;  one  spark  is  reflected  through 
a  prism^  and  the  other  is  received  directly  through  the  slit ;  the 
two  spectra  immediately  become  apparent  one  oyer  the  other,  so 
that  the  peculiaritieB  in  each  case  may  be  at  once  detected.  By 
employing  the  little  capped  glass  tubes  shown  on  the  left-hand 
side  of  the  figure,  spectra  may  be  obtained  in  various  gases,  the 
gases  being  passed  through  the  tube  while  the  discharge  b  taking 
places 

(194)  AppUe*tl6a  eraie^tHoal  Blacliaives  from  the  In- 
dnetioa  Coll  to  tho  Furpoaoo  of  niumlnatioa.— The  simple 
apparatus  shown  in  Fig.  290  was  devised  by  Mr.  Gassiot  for  this 
purpose.  It  represents  a  carbonic  acid  vacuum  tube  of  about  one- 
sixteenth  of  an  inch  internal  diameter,  wound 
in  the  form  of  a  flattened  sfural.    The  wider  Fig.  190. 

ends  of  the  tube,  in  which  the  platinum  wires 
are  sealed,  are  about  two  inches  in  length  and 
half  an  inch  in  diameter,  and  are  shown  by 
the  dotted  lines.  They  are  enclosed  in  a 
wooden  case  (indicated  by  the  surrounding 
entire  line);  so  as  to  permit  only  the  spiral  to 
be  exposed.  When  discharge  from  the  induo 
tion  coil  is  passed  through  the  vacuum  tube, 
the  spiral  becomes  intensely  luminous,  ex* 
hibiting  a  brilliant  white  light.  With  a  coil 
excited  so  as  to  give  a  spark  through  air  of 
one  inch  in  lengthy  the  luminosity  of  the 
spiral  is  not  reduced  when  the  discharge  passes 
through  14  miles  of  copper  wire. 

A  mode  of  applying  the  electric  light  for 
mining  purposes  has  been  suggested  by  MM. 
Dumas  and  Benoit  (Comptee-Bendus,  Sept.  8, 
1&62).  The  apparatus  consists  essentially  of 
three  parts :  -^  i.  a  batteiy ;  i.  a  Ruhmkorff 
coil;. 3.  a  Geissler  vacuum  tube;  the  whole 
being  arranged  in  such  a  manner  as  to  produce 
a  sufficient  light  to  illuminate  the  miner,  and 
allow  him  to  work  when  other  lights  fail.  The  greatest  difficulty 
in  the  arrangement  consists  in  being  able  to  construct  a  battery 
which  shall  possess  sufficient  intensity  to  keep  up  a  regular  light 
for  at  least  twelve  hours  in  a  convenient  and  portable  form ;  this 
the  authors  state  that  they  have  accomplished,  the  whole  appa- 
ratus being  so  small  that  the  miner  can  carry  it  without  incon- 
Tenience  in  a  small  carpet-bag. 
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The  advantages  of  this  mode  of  illumination  are  that  the  light 
produced  is  cold^  or  rather  does  not  heat  the  tuhe  in  which  it  is 
produced,  and  that  the  gas  of  the  mine  has  no  access  to  it,  it  being 
completely  isolated.  It  is,  moreover,  quite  as  compact  as  ordinary- 
lamps,  and  there  is  no  injurious  emanation^  and  it  can  be  lighted 
and  extinguished  at  will. 

(195)  Condensers  and  Xieyden  ^ars  iShaarf^ed' "by  the  Sn- 
duotion  Coil. — ^In  1835,  Masson  (Prize  Essay,  Haerletri)  made  a 
series  of  experiments  by  which  he  proved  that  a  condenser  may  be 
charged  by  the  induction  coil  machine.  He  placed  the  two  poles 
of  the  coil  in  connection  with  the  coatings  of  the  condenser,  which 
coatings  he  at  the  same  time  connected  with  an  insulated  Lane^s 
discharger,  the  balls  being  one-fiftieth  of  an  inch  apart ;  he  thus 
obtained  a  permanent  discharge,  surpassing  in  intensity  that  of  the 
direct  discharge  of  the  apparatus  in  a  degree  proportional  to  the 
size  of  the  condenser  and  the  number  of  the  elements  of  tlie 
battery. 

Grove  and  Gassiot  (PhU.  Ma^,^  Jan.  1855)  repeated  these  ex- 
periments on  a  much  larger  scale,  and  with  results  of  a  singularly 
interesting  character.  When  a  Leyden  phial  was  interposed  be- 
tween the  terminals  of  the  secondary  coil,  the  exterior  pole  being 
connected  with  the  interior  of  the  jar,  the  noise  and  bnlliancy  of 
the  discharges  were  greatly  increased,  but  no  advantage  was  gained 
by  increasing  the  number  of  the  cells  of  the  battery ;  on  the  contrary, 
the  platinum  contact-breaker  was  thereby  rapidly  burnt.  When, 
however,  a  phial  of  double  the  capacity  was  employed,  the  brilliancy 
of  the  discharge  spark  was  again  increased,  and  on  adding  more 
coated  surface,  a  fresh  addition  could  be  made  to  the  battery,  with 
a  further  increase  in  the  effects,  and  without  any  injurious  action 
taking  place  at  the  contact-breaker. 

The  difference  between  the  ordinary  induction  spark  and  that 
produced  when  the  secondary  terminals  are  connected  respectively 
with  the  inner  and  outer  coating  of  a  Leyden  jar  is  very  striking  : 
in  the  former  it  is  flame-like,  soft,  and  quiet ;  in  the  latter  it  is 
bright,  sonorous,  and  apparently  large ;  but  while  the  rattling  spark 
cannot  easily  fire  wood,  paper,  or  evefi  gunpowder,  the  soft  spark 
at  once  inflames  either  of  them.  The  effect  of  the  static  induction 
thus  introduced  is  not  so  much  to  vary  the  qu€tntiiy  of  electricity 
which  passes  as  the  time  of  the  passage,  That  electricity  which, 
moving  with  comparative  slowness  through  the  great  length  of  the 
secondary  coil,  produces  a  spark  having  a  sensible  duration  (and 
therefore  in  character  like  that  of  a  Leyden  jar  passed  through  a 
wet  thread)  is,  when  the  jar  is  used,  first  employed  in  raising  up 
a  static  induction  charge,  which,  when  discharged,  produces  a  con- 
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\ 
centrated  spark  of  no  sensible  duration,  and,  therefore/  much  inore 
luminous  and  audible  than  the  former. 

This  difference  in  the  character  of  the  two  sparks  is  well  illus- 
trated in  the  following  experiment  (Faraday,  Notices  of  the  Meet^ 
ings  of  the  Royal  InstitfdioHy  June  8,  1855) : — 

A  piece  of  platiqum  wire  is  fixed  horizontally  across  the  ball  of  a  Leyden 
jar,  and  the  platinum  wire  secondary  terminids  brought  respectiyely  near 
its  ends ;  two  interruptions  are  thus  produced  in  the  secondary  circuit,  the 
sparks  at  which  are  like  each  other,  and  equal  in  quantity  of  electricity,  the 
jar  as  yet  forming  only  an  insulating  support.  But  if  in  addition,  either 
secondary  terminal  be  connected  by  a  wire  with  the  outside  of  the  jar,  the 
spark  on  that  side  assumes  the  bright  loud  character  before  described,  but 
ceases  to  fire  gunpowder  or  wood ;  and  nobody  would  at  first  suppose  (what 
is  really  the  case)  that  there  is  the  same  electricity  passing  in  one  as  in  the 
other. 

If  one  of  the  secondary  terminals  be  connected  with  the  outside  of  the 
Leyden  jar,  and  the  other  be  brought  near  the  knob,  a  soft  spark  appears  at 
that  interval  for  every  successive  current  in  the  primary  circuit  This 
spark  is,  however,  doiMe,  for  the  electricity  thrown  into  the  jar  at  the 
moment  of  induction  is  discharged  back  again  at  the  same  place  the  instant 
the  induction  is  over.  The  first  discharge  heats  and  prepares  the  air  there 
for  the  second  discharge,  and  the  two  are  so  nearly  simultaneous  as  to  pro- 
duce the  appearance  of  a  single  spark  to  the  unaided  eye. 

In  all  these  experiments  the  exterior  pole  of  the  secondary  wire 
must  be  in  contact  with  the  knob  of  the  jar,  unless  it  be  insulated, 
in  which  case  it  is  immaterial  which  way  the  connections  are 
made.  When  two  coils  are  properly  connected  together  through 
their  primaries  and  secondaries,  and  a  battery  of  from  10  to  15 
cells  of  the  nitric  acid  battery  employed,  the  extent  of  coated  sur- 
face may  be  increased  to  7  square  feet ;  the  discharge, sparks  are 
the  fully  I  of  an  inch  in  length,  piercing  stout  card,  and  accom- 
panied by  a  loud  and  continuous  noise. 

With  Ruhmkorff's  large  coil  (186);  electrical  batteries  may  Ibe 
charged  and  discharged  with  a  continuous  and  almost  deafening 
noise.  The  most  brilliant  effects  are,  however,  produced  by  charging 
a  series  of  jars  by  aascade  (Fig.  46,  p.  48).  When  six  jars,  each 
containing  about  two  square  feet  of  coated  glass,  are  employed,  a 
continuous  stream  of  the  most  dazzling  light,  6  inches  in  length,  is 
produced,  accompanied  by  a  noise  that  cannot  long  be  endured. 
With  one  jar,  the  discharge  spark  is  2  J  inches  long ;  with  two  jars, 
3 J  inches ;  with  three  jars,  4^  inches;  with  four  jars,  5  inches; 
and  with  five  jars,  5  J  inches.     • 

The  manner  of  arranging  a  Leyden  jar  for  continuous  charging 
and  discharging  by  the  alternating  induced  current  is  shown  in 
Fig.  191,  the  outer  and  inner  coatings  being  respectively  in  (^om* 
munication  with  the  poles  of  the  secondary  coil,  and  the  terminals 
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of  the  diacharger  being  set  about  (me  incb  apart ;  the  jar  becomes 
constantly  charged  by  the  coil^  and  discharged  betwee&  l^e  points 
of  the  discharger. 

Fig.  X91. 


But  the  jar  may  be  charged  by  the  coil  in  sucb  a  manner  as  to 
retain  its  charge  as  when  it  is  charged  in  the  usual  manner  by  the 

Fig.  X92. 


conductor  of  an  electrical  machine.  For  this  purpose^  it  is  arranged 
as  shown  in  Fig.  292  ^  the  outer  coating  is  brought  into  commuiii- 
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cation  with  one  of  the  poles  of  the  coil,  and  the  inner  with  one  of 
the  anns  of  the  discharger,  the  other  arm  of  which  is  in  communi- 
cation with  the  other  pole  of  the  coil ;  the  points  of  the  discharger 
are  set  two  or  three  inches  apart. 

Now  it  must  be  remembered  that,  when  the  poles  of  the  second- 
ary coil  are  connected  by  a  metallic  wire,  or  other  good  conductor^ 
there  are  two  currents  moving  through  it  alternately  in  opposite 
directions,  but  that,  when  the  poles  are  separated,  one  only  of  these 
waves  or  c\irrents  is  brought  into  action,  that,  namely,  produced 
when  battery  contact  with  the  primary  is  broken,  which  is  by  far 
the  most  intense ;  the  othet  wave,  that  produced  by  making  bat- 
tery contact,  is  stopped  off  from  the  secondary  wire,  being  ex- 
pended in  the  primary  wire  itself,  as  has  already  been  stated 
(181).  The  jar,  therefore,  receives  not  an  alternating  but  a  direct 
-  charge,  and  after  a  few  sparks  have  passed,  it  may  be  removed 
and  discharged  in  the  usual  manner.  With  EuhmkorfTs  large 
instrument  above  described  (186),  a  battery  containing  10  square 
feet  of  glass  is  charged  to  saturation  in  a  few  seconds. 
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Discovery — Thermo-electric  Series — Thermo-electric  Batteries— Absorption 
and  Generation  of  Heat — ^Thermo-Currents  from  Fused  Salts. 

(196)  Seebeok's  ]>iseovery. — ^In  the  year  18 21,  Professor 
Seebeck,  of  Berlin^  ascertained  that  electrical  currents  may  be 
excited  in  all  metallic  bodies  by.  disturbing  the  eqcdlibrium  of 
temperature,  the  essential  conditions  being  that  the  extremities 
should  be  in  opposite  states  as  regards  temperature.  His  appa- 
ratus was  remarkably  simple :  it  consisted  of  two  different  metals 
(antimony  and  bismuth  were  found  the  most  efficient)  soldered 
together  at  their  extremities,  and  formed  into  frames  of  either  a 
circular  or  a  rectangular  figure.  Electricity  was  excited  by  heat- 
ing one  of  the  compound  comers  by  the  flame  of  a  spirit  lamp,  and 
cooling  the  opposite  comer  by  wrapping  a  few  folds  of  filtering 
paper  round  it,  and  moistening  it  with  ether. 

In  Fig.  293,  c  e  is  a  plate  of  copper,  the  ends  of  which  are  bent  at  right 


angles,  and  soldered  to  a  plate  of  bismuth,  b  b;  a  magnetized  needle  is 
balanced  in  the  interior  of  the  circuit.    The  apparatus  being  placed  in  the 


Digitized  by 


Google 


THERMO-ELECTBIC  SERIES. 


349 


Fig.  194. 


magnetic  meridian,  one  of  the  junctions  of  the  metala  is  heated  br  a  spirit- 
lamp,  the  needle  is  immediately  deflected,  showing  the  passage  of  an  elec- 
trical cnrrent  in  the  direction  of  the  arrow  head,  i.  e.,  from  the  Hot  to  the 
cold  end. 

In  Fig.  294,  two  frames  composed  of  platinum  and  silver  wires  are  deli- 
cately poised  on  the  poles  of  a  horseshoe  magnet,  a  spirit- 
lamp  being  placed  between  them,  the  flame  of  which 
causes  the  circulation  of  thermo-electric  currents  in  the 
wires,  as  shown  by  their  rotation  round  the  poles  of  the 
magnet. 

If  the  extremities  of  two  platinum  wires  be  each  coiled 
into  a  flat  spiral,  and  the  other  ends  connected  with  a 
delicate  galvanometer,  a.  current  of  electricity  will  be 
determined  through  the  instrument  by  merely  heating 
one  spiral  ^0  redness  and  laying  it  on  the  other,  the  flow 
of  the  current  being  from  the  hotter  to  the  colder  portion. 

If  portions  of  a  metallic  wire  be  stretched  by  weights, 
and  connected  with  other  portions  of  the  same  wire  not 
so  stretched,  it  has  been  shown  by  Thomson  that  on 
applying  heat  to  their  junctions,  a  current  is  determined  from  the  stretched 
to  the  unstretched  wire  through  the  heated  point. 

(197)  Thermo-electrio  Series.  —  Experiments  have  shown 
that  the  thermo-electric  properties  of  metals  have  no  connection 
with  their  voltaic  relations^  or  with  their  power  of  conducting 
heat  or  electricity;  neither  do  they  accord  with  their  specific 
gravities  or  atomic  weights.  In  forming  a  thermo-electric  series, 
it  is  desirable  to  combine  an  extreme  positive  with  an  extreme 
negative  metal.  The  following  series  was  arranged  by  Professor 
Gumming.  When  any  of  these  metals  are  heated  at  their  point 
of  junction,  electricfd  currents  are  developed  in  such  a  manner 
that  each  metal  becomes  positive  to  all  below  and  negative  to  all 
above  it  in  the  list,  and  the  reverse  order  is  observed  if  the  point 
of  junction  be  cooled : — 

Galena  Rhodium 

Bismuth  Gold 

Mercurj'  l  Copper 

Nickel      3  Silver 

Platinum  Zinc 

Palladium  Cadmium 

Cobalt        )  Charcoal 

Manganese  j  Plumbago 

Tin  Iron 

Lead  Arsenic 

Brass  Antimony 

The  following  thermo-electric  order  and  energy  of  various  bodies 
for  temperatures  usually  ranging  between  about  40°  and  100°  has 
been  published  by  Matthie88en(PM.  Tram.,  1858),  In  the  table  the 
electromotive  force  of  the  thermo-current  excited  between  silver 
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and  copper  is  taken  m  equal  to  t,  the  current  passing  from  the 
silver  to  the  copper  at  the  heated  end.  The  numbers  represent 
the  force  of  the  current  between  silver  and  each  metal  in  succes- 
sion, heated  to  the  same  point.  Where  the  positive  sign  is  pre- 
fixed;  the  current  is  from  the  silver  to  the  other  metal  at  the 
heated  junction ;  where  the  negative  sign  is  prefixed,  the  current 
is  from  the  other  metal  at  the  heated  point  towards  the  silver. 
The  asterisks  denote  that  the  metal  by  which  it  is  placed  was  sup- 
posed to  be  chemically  pure : — 


Thermo-electric  Order  Oj 


Bismnth,  commercial  pres-* 
sed  wire 

*Bi8mntli,  pressed  wire.    . 

*  Bismuth,  cast     .... 

Crystallized  Bismuth,  axial 

Crystal  of  Bismuth,  equa- 
torial   

Cobalt 

Potassium 

Nickel 

Palladium 

Sodium 

•Mercury 

Aluminum 

Magnesium 

*Lead,  pressed  wire  .    .    . 

•Tin,  pressed  wire    .    .    . 

Copper  wire 

Platinum 

Iridium 

•Antimony,  pressed  wire  . 

•Silver 


if  Metaky  8fc.,  according  to  Matthiessen, 
+  - 

Gas  coke»  hard     . 
3 5 -8 1      •Zinc,  pressed  wire 
32*91      •Copper,  voltaic 
24-96      •Cadmium  .    . 
24*59      Antimony,  pressed  wire 

Strontium   .     .' 

Lithium  .    .    . 

•Arsenic .    .    . 

Calcium  .    .    . 

Iron,  piano  wire 

Antimony,  axial 

Antimony,  equatorial 

•Red  phosphorus 

•Antimony,  cast  .    . 

AUoyi  12  bismuth 


17-17 
897 

549 
5-02 
3-56 

3094 
2-524 
1*283 
1175 
1*029 

I'OOO 
I'OOO 

0-723 

0*163 
0*036 

O'OOO 


I 

1  tin,  east  j  ' 

Alloy,  2  antimony  ) 

I  zinc,, cast  j 

•Tellurium  .    .    .    . 

•Selenium   .    .    .    . 


0057 
0*208 
0*244 
0*332 
1-897 
2*028 
3768 
3828 
4*260 
5*218 
6965 

9*435 
9-600 
9871 

13670 

22*70 

179-80 
2900 


(198)  Thermo-eleotrlc  Piles  and  Batteries. — The  arrange- 
ment of  the  thermo-pile  by  Nobili  and  Melloni  is  shown  in  Figs. 
295  and  296.    It  is  composed  of  a  series  of 
small  bars  of  antimony  and  bismuth,  placed 
parallel  side  by  side,  forming  one  prismatic 
bundle  about  1^  inch  long,  and  somewhat  less 
in  diameter.    The  bars  of  bismuth  which  suc- 
ceed alternately  to  those  of  antimony  are  sol- 
dered at  their  extremities  to  the  latter  metal, 
and  separated  at  every  other  part  of  their  sur- 
faces by  some  insulating  substance  such  as  silk 
and  paper.    The  first  and  last  bara  have  each  a  copper  wire 
which  terminates  in  a  peg  of  the  same  metal  passing  through  a 
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piece  of  ivory  fixed  in  a  ring ;  the  space  between  this  ring  and 

the  elements  of  the  pile  is  filled  with  some  insulating  substance. 

This  apparatus*  was  employed  by  Mel- 

loni  in  his  experiments  on  radiant  heat.  Fig.  196. 

The  loose  extremities  of  the  copper  wires 

are  connected  with  the  ends  of  the  wire 

of  a  galvanometer  which  indicates  by 

the  motion  of  the  needle  any  variation 

in  the  temperature  of  the  opposite  faces 

of  the  pile. 

Two  forms  of  the  thermo-electric 
battery  are  shown  in  Figs.  297  and  298. 
Locke's  thermo-battery  (Fig.  297)  is  com- 
posed of  from  30  to  100  series  of  bars  of  an- 
timony and  bismath,  soldered  together  at 
their  extremities,  and  placed  in  a  metallic 

cylinder,  which  is  then  filled  with  plaster  of  Paris,  leaving  merely  the  ex- 
tremities of  the  bars  exposed.  The  first 
bar  of  bismath  is  connected  with  one  of 
the  binding  screws,  and  the  last  antimony 
bar  with  the  other.  The  instrument  is  put 
in  acti<m  by  placing  it  on  a  vessel  of  ice, 
and  then  laying  a  hot  iron  plate  on  the  top. 
Watkins's  massive  thermo-battery  is 
shown  in  Fig.  298.  It  consists  of  an  asso- 
ciation of  square  bismuth  and  antimony 
plates  alternately  soldered  together  so  as 
to  form*  a  composite  battery,  mounted  in 
a  frame,  with  the  upper  and  lower  junc- 
tions of  raeUl  exposed.  When  either  of 
the  ends  are  slightly  elevated  or  depressed 
in  regard  to  temperature,  the  electric  cur- 
rent is  established,  and  with  the  radiation 
of  red-hot  iron  at  one  extremity,  and  ice 

Fig.  198. 


Fig.  197. 


at  the  other,  all  the  ordinary  electric  phenomena,  such  as  the  spark,  heat, 
electro-magnetic  rotations,  chemical  action,  &c.,  are  developed. 
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Instead  of  bismutli  and  antimony,  Bunsen  uses  as  the  elements 
of  his  thermo-battery  copper  pyrites  combined  with  copper,  or 
pyrolusite  combined  with  copper  or  platinum.  Ten  of  such  com- 
binations give  all  the  actions  of  a  Daniell  battery,  having  an  effec- 
tive copper  surface  of  14  square  centimetres  (4*17  square  inches) 
in  area.  Stefan  employs  granulated  sulphide  of  lead  for  the  posi- 
tive, and  copper  pyrites  for  the  negative  element — the  power  of  a 
single  pair,  as  compared  with  a  Daniell's  cell,  is  stated  to  be  as  i  to 
5-5.    Marcus  uses  for  the  positive  metal  an  alloy  composed  of 

Copper       ....        10  parts 

Zinc 6  parts 

Nickel        ....  6  parts 

and  for  the  negative  an  alloy  composed  of 

Antimony  ....        J2  parts 

Zinc 5  parts 

Bismutli     ....  I  part 

The  elements  of  his  battery  are  about  7  inches  long,  7  lines 
broad,  and  half  a  line  thick ;  they  are  screwed  together,  and  so 
arranged  that  their  lower  junctions  can  be  heated  by  a  row  of  gas 
jets,  and  the  upper  cooled  by  a  current  of  water.  The  electro- 
motive force  of  one  element  is  equal  to  one-twenty-fifth  of  a  Bun- 
sen's  cell.  Six  pairs  decompose  water;  tMrty  pairs  cause  an 
electro-magnet  to  lift  150  lbs. ;  and  one  hundred  and  twentt/siv 
pairs  decompose  water  at  the  rate  of  25  cubic  inches  of  mixed 
gases  per  minute,  and  melt  a  platinum  wire  half  a  millimetre  in 
thickness. 

The  conversion  of  heat  into  electricity  by  this  battery  is  strik- 
ingly shown  by  the  fact  that  the  water  used  for  cooling  the  upper 
junctions  is  more  rapidly  warmed  when  the  current  is  broken 
than  when  it  is  closed. 

It  was  stated  by  Marcus,  in  a  communication  to  the  Austrian 
Academy  of  Sciences,  that  he  had  constructed  a  furnace  consuming 
240  lbs.  of  coal  per  day,  intended  to.  heat  768  elements  of  his 
thermo-battery,  the  electro-motive  power  of  which  woidd  be  equi- 
valent to  30  cells  of  Bunsen*s  nitric  acid  arrangement 

Wheatstone  has  constructed  a  thermo-pile  on  Marcus's  prin- 
ciple ;  he  finds  that  its  power  is  greatly  increased  by  repeatedly 
melting  the  alloy  composing  the  bars,  probably  in  consequence  of 
their  crystalline  structure  being  thereby  broken  down.  Sixty  of 
Wheatstone's  elements  produced  the  following  effects.  They  give 
a  brilliant  spark ;  raise  to  incandescence,  and  fuse  half  an  inch  of 
fine  platinum  wire;  decompose  water;  electroplate  copper  with 
silver;  make  an  electro-magnet  lift  i  J  cwt. ;  and  give  bright  sparks 
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from  the  primary  and  secondary  coils  of  a  Buhmkorff  inductioa 
coil :  in  fact,  they  reproduce  all  the  effects  ohtainahle  firom  a  voltaic 
battery,  the  electromotive  force  of  which  is  equal  to  ttoo  Danieirs 
cells. 

(199)  Absorption  and  Ctoneratloii  of  Beat. — Peltier  dis- 
covered the  fact  that  when  electricity  traverses  a  compound 
metallic  conductor  from  bismuth  to  antimony,  heat  is  absorbed, 
but  that  when  the  current  traverses  the  conductor  in  the  contrary 
direction,  heat  is  generated.  The  fact  is  referred  to  by  Joule 
(PhiL  Mag,,  1843),  as  showing  how  it  may  be  proved  that  when 
an  electrical  current  is  produced  from  a  purely  thermal  source, 
the  quantities  of  heat  evolved  electrically  in  the  different  homo- 
geneous parts  of  the  circuit  are  -only  compensations  for  a  loss 
from  the  junctions  of  the  different  metals ;  or,  that  when  the 
effect  of  the  current  is  entirely  thermal,  there  must  be  just  as 
much  heat  emitted  from  the  parts  not  affected  by  the  source  aa 
taken  from  the  source.  , 

Peltier's  observation,  the  accuracy  of  which  had  been  denied  by 
some  experimenters  (Phil,  Mag,,,  vol.  v.  p.  197),  was  confirmed  by 
Tyndal  by  the  following  ingenious  experiment  (Phdl,  Mag,,  1852,  . 
p.419):— 

B  (Fig.  299)  is  a  curred  bar  of  bismuth,  with  each  end  of  which  a  bar  of 
antimony,  a  a,  is  brought  into  close  contact;  in  front  of  the  two  junctures 

Fig.  199. 


are  chambers  hollowed  out  in  cork  and  filled  with  mercury.  A  current  is 
sent  from  the  cell  b"  in  the  direction  indicated  by  the  arrow;  at  m  it  passes 
from  antimony  to  bismuth ;  at  m'  from  bismuth  to  antimony.  Now  if  Pel- 
tier's observation  be  correct,  we  ought  to  have  the  mercury  at  m  warmed, 
and  that  at  m'  cooled,  by  the  passage  of  the  current  After  three  minutes' 
circulation  the  voltaic  circuit  was  broken,  and  the  thermo  test  pair  a'  b' 
dipped  into  m';  the  consequent  deflection  was  380,  and  the  sense  of  the  de- 
flection proved  that  at  m'  heat  had  been  abaorbed.  The  needles  were  brought 
quickly  to  rest  at  0°,  and  the  test  pair  was  dipped  into  m;  the  consequent 
deflection  was  60P,  and  the  sense  of  the  deflection  proved  that  at  M  heat  had 
been  generated.  The  system  of  bars  represented  in  the  figure  being  embedded 
in  wood,  the  Junction  at  m  was  cooled  slowly,  and  would  have  taken  a 
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qaarter  of  an  hoar  at  least  to  assume  the  temperature  of  the  atmosphere. 
The  voltaic  current  was  .reyersed,  and  three  minutes*  action  not  only  ab- 
sorbed all  the  heat  at  x,  but  generated  cold  sufficient  to  drive  the  needle 
through  an  arc  of  20P  on  the  negative  side  of  0°. 

It  was  shown  by  Lenz  {Pogg,  Ann,,  vol.  xliy.  p.  341),  that  if 
two  ban  of  bismuth  and  antimony  be  soldered  across  each  other 
at  right  angles^  and  touched  with  the  conducting  wires  of  the  bat- 
tery, so  that  tiie  current  will  have  to  pass  from  the  bismuth  to 
the  antimony,  a  degree  of  cold  sufficient  to  freeze  water  may  be 
produced ;  if  a  cavity  he  excavated  at  the  point  of  contact,  and  a 
drop  of  water,  previously  cooled  to  nearly  31**,  be  placed  therein,  it 
will  rapidly  become  ice. 

(100)  Thermo-CmTents  from  Vnsed  Salts. — It  has  been 
shown  by  Dr.  Andrews  (Phil.  Mag.,  voL  x.  p.  433)  that  an  elec- 
trical current  is  always  produced  when  a  fused  salt  capable  of  con- 
ducting electricity  is  brought  into  contact  with  two  metals  at 
different  temperatures,  and  that  powerful  affinities  can  be  overcome 
by  this  current,  quite  independently  of  chemical  action.  The 
direclion  of  the  current  is  not  influenced  by  the  nature  of  the  salt 
or  metal,  heing  always  from  the  hotter  metal  through  the  fused 
salt  to  the  colder.  Its  intensity  is  greatly  superior  to  that  of  the 
common  thermo-currents,  and  is  capable  of  decomposing  with 
facility  water  and  other  electrolytes.  Dr.  Andrews  succeeded  in 
decomposing  iodide  of  potassium  by  the  thermo-current  produced 
by  bringing  two  platinum  wires  of  unequal  temperatures  into  con- 
tact with  a  small  glohule  of  fused  borax.  He  found  also  that 
currents  are  produced  before  the  salt  is  actually  fused,  but  that 
their  direction  no  longer  follows  a  simple  law,  but  varies  in  a  most 
perplexing  manner,  being  first  from  the  hot  metal  to  the  cold,  then 
with  the  addition  of  heat  from  the  cold  to  the  hot,  and  again  with 
a  second  addition  of  heat  from  the  hot  to  the  cold. 
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PABT  IX. 

ELECTKIC  TELEGKAPHY. 
CHAPTER  I. 

LAND  AND  AERIAL  TELEGRAPHS. 

Early  Notions — Telegraphs  of  Ronalds,  Soemmering,  Schilling,  Gaass  and 
Weber,  and  Steinheil;  of  Cooke  and  Wheatstone;  Single  and  Doable 
Needle  Telegraphs— Alarnms ;  Batteries — Overgronnd  Wires— Under- 
ground Wires — The  Earth  Circuit — ^The  Morse  Printing  Telegraph — 
Modifications  of— Relays — The  Printing  Telegraphs  of  House  and  Hughes 
— Magnetic  Telegraphs — Acoustic  Telegraphs — Dial  Telegraphs — Wheat* 
stone's  Universal  Telegraph  and  Automatic  System. 

(201)  Barly  Jrotlons  of  Blectrio  Teleyrapby. — ^Almost  as 
soon  as  it  had  become  known  that  conducting  wires  had  the  power 
of  transmitting  electricity  instantaneously  through  distances  of 
several  miles,  it  occurred  to  several  electricians  that  correspond- 
ence between  distant  parties  might  be  accomplished  by  electric 
action. 

From  the  time  that  Dr.  Watson  showed  that  the  electric  shock 
could  be  transmitted  instantaneously  through  a  circuit  of  two  miles 
and  more  of  water  in  1747  (35),  there  have  been  numerous  con- 
trivances for  applying  frictional  electricity  to  telegraphic  commu- 
nication. The  firat  direct  experiment  appears  to  have  been  made 
by  Lesage,  who,  in  the' year  1774,  established  in  Geneva  an  electric 
telegraphy  consisting  of  24  metallic  wires,  well  insulated  from  each 
other,  and  each  in  communication  with  a  small  pith-ball  electro- 
meter, which  could  be  diverged  by  an  electrical  machine,  and 
caused  to  point  to  a  letter  or  any  ot^er  conventional  signal.  A 
few  years  later  M.  Lomond  {Young's  Travels  in  France^  voL  i.  p. 
212)  suggested  the  employment  of  a  pith-ball  electrometer;  and 
in  1794,  Beiser,  a  German,  invented  a  telegraph  in  which  signals 
were  transmitted  by  electric  discharges  sent  through  strips  of  tin- 
foil, in  which  were  breaks  so  arranged  as  to  represent  letters  which 
became  illuminated  bj  the  discharge  (as  represented  in  I>lg.  29, 
p.  34).  Cavallo,  in  his  Treatise  on  ^/ler?^'c%,*published  in  1795 
(vol.  iiL  p.  285),  proposed  to  transmit  signals  by  the  inflammation 
of  various  combustible  or  detonating  substances  by  the  discharge 
of  a  Leyden  phial ;  and,  in  1787,  Betancourt  tried  similar  experi- 
ments in  Spain. 
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(20a)  monaldft'  BlectHo  Televapli.-- This  was  invented  in 
x8i6;  and  fiillj  described  by  the  inventor  in  1823. 

A  circular  brass  plate  (Fig.  300),  divided  into  20  eqnal  parts,  was  fixed 
upon  the  seconds  arbor  of  a  clock  which  beat  dead  seconds.  Each  division 
-was  marked  by  a  figure,  a  letter,  and  a  preparatory  sign.  The  figures  were 
divided  into  two  series,  from  i  to  10,  and  the  letters  were  arranged  alpha- 
betically, leaving  out  J,  Q,  W,  X,  Z. 
Before  and  over  this  disc  was  fixed  another  plate,  capable  of  being  occa- 
sionally moved  by  the  hand  round 
its  centre,  which  had  an  aperture 
of  such  dimensions,  that  whilst  the 
disc  was  carried  round  by  the  mo- 
tion of  the  clock,  only  one  of  the 
letters,  &C.9  could  be  seen  through 
the  aperture  at  the  same  time :  for 
instance,  the  figure  9,  the  letter  Y, 
and  the  sign  'Keady,'  are  now 
Tisy>le  through  the  aperture  in 
Fig.  }oa  In  front  of  this  pair  of 
plates  was  suspended  a  pith-ball 
electrometer  from  a  wire  e  which 
was  insulated  and  communicated 
with  a  cvlindric  electrical  machine 
of  only  6  inches  in  diameter,  and 
with  a  wire  525  feet  long,  which 
was  insulated  in  glass  tubes,  sur- 
rounded by  a  wooden  trough  filled 
with  pitch,  and  buried  in  a  trench 
4  feet  deep  in  the  ground. 
Another  similar  electrometer  was  suspended  in  the  same  manner  before 
another  clock  similarly  furnished  with  the  same  kind  of  plates  and  electrical 
machine.  This  second  clock  and  machine  were  situated  at  the  other  end  of 
the  buried  wire,  and  the  clock  was  adjusted  to  go  as  nearly  as  possible 
synchronously  with  the  first.  Hence  it  is  evident  that,  when  the  wire  was 
charged  by  the  machine  at  either  end,  the  electrometers  at  both  ends  di- 
verged. When  it  was  discharged  suddenly  at  either  station,  they  both 
collapsed  at  the  same  instant ;  and  when  it  was  discharged  at  the  moment 
when  a  given  letter,  figure,  or  «ign  on  the  lower  plate  of  one  clock  appeared 
through  the  aperture,  the  same  figure,  letter,  and  sign  appeared  also  in 
view  at  the  other  clock ;  and  that  by  such  discharges  of  the  wire  at  one 
station,  and  by  noting  down  the  letters,  figures,  or  signs  in  vUio  at  the  other, 
any  required  words  could  be  spelt  and  the  figures  transmitted. 

Such  are  the  leading  principles  of  this  invention,  which  is  cha- 
racterised by  great  ingenuity.  It  does  not  appear,  however,  that 
Ronalds  ever  tried  to  work  his  telegraph  at  greater  distances  than 
525  feet,  as,  on  communicatiDg  his  invention  to  the  Admiralty,  he 
was  informed  '  that  telegraphs  of  any  kind  were  then  wholfy  unne^ 
cessary,  and  that  no  other  than  ^e  one  m  we  would  be  adopted'  (see 
his  Pamphlet,  p.  24). 
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^203)  Soemmerliiir's  ■leetro-cbemleal  Teleyrapli. — ^In  this 
inyention,  described  in  1812^  an  attempt  was  made  to  communicate 
signals  by  the  decomposition  of  water  by  the  voltaio  pile.  With 
this  yiewy  35  gold  pins  were  passed  through  the  bottom  of  a  glass 
vessel  containing  acidulated  water,  each  pin  corresponding  to  one 
of  the  letters  of  the  alphabet,  or  to  one  of  the  ten  numerals.  Each 
pin  was  connected  by  aa  insulated  copper  wire  of  any  required 
length  to  one  of  35  plates  fixed  transversely  on  a  wooden  bar,  and 
through  the  front  of  each  of  the  plates  there  was  a  small  hole  for 
the  reception  of  two  brass  pins,  one  of  which  was  connected  with 
the  positive  and  the  other  with  the  negative  pole  of  a  voltaic  pile. 
Each  of  the  35  plates  was  arranged  to  correspond  with  one  of  the 
35  gold  pins  in  the  glass  reservoir,  and  was  lettered  accordingly. 
When  thus  arranged,  the  two  pins  from  the  pile  were  to  be  held 
one  in  each  hand,  and  the  two  plates  being  selected,  the  pins 
were  to  be  put  into  tkeir  holes,  and  the  communication  thus  estab- 
lished. The  gas  evolved  at  the  two  distant  corresponding  points 
at  the  same  instant  could  be  made  to  indicate  every  letter  and 
numeral  in  accordance  with  certun  rules.  By  varying  the  amount 
of  gas  given  off  at  a  given  time,  and  by  varying  also  the  periods  of 
time,  the  number  of  wires  might  be  reduced  firom  35  to  2,  and  the 
construction  of  the  telegraph  thus  much  simplified.  ScWeigger 
proposed  to  diminish  the  number  of  signals  by  employing  two  piles, 
one  considerably  stronger  than  the  other,  sometimes  using  one, 
sometimes  the  other,  and  at  other  times  both  combined. 

A  proposition  to  employ  the  voltaic  pile  to  indicate  signals  was 
also  made  in  18 10,  by  Coxe,  of  Philadelphia  (Thomson's  Ammkof 
Philosophy),  He  gives  two  methods— one  by  the  decomposition  of 
water,  and  the  other  by  that  of  metallic  salts. 

(204)  Bleotro-mavB^ttc  and  Mafi^eto-eleetric  Telei^raplia 
of  SeliiUlnff,  Ckiuss  and  lV«ber.— Shortly  after  the  discovery 
of  electro-magnetism  by  Oersted,  in  181 9  (147),  Ampere  pointed 
out  to  the  Royal  Academy  of  Sciences  of  Paris  the  possibility  of 
constructing  an  electric  telegraph  with  magnetic  needles,  surrounded 
by  coils  of  wire  j  and  in  1832  Baron  Schilling  exhibited  before  the 
Emperor  Alexander  an  electric  telegraph,  constructed  of  a  certain 
number  of  platinum  wires  insulated  and  bound  together  with  a 
silk  cord,  which  set  in  motion,  by  means  of  a  key  connected  with 
a  voltaic  pile,  five  magnetic  needles  placed  vertically  in  the  centre 
o#  a  coil.  The  motion  of  one  of  these  needles  at  the  commence- 
ment of  the  signalling  caused  a  leaden  weight  to  fall,  the  concus- 
sion of  which  set  in  action  a  clock  alarum. 

Gauss  and  Weber,  in  1835,  employed  the  magneto-electric 
machine  to  give  motion  to  the  magnetic  needle,  which  was  en- 
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closed  in  a  coil  composed  of  3,000  feet  of  wire.  By  means  of  a 
commutator,  the  needle  coidd  be  deflected  in  either  direction, 
and  its  movements  were  observed  with  the  aid  of  a  lens.  This  tele- 
graph was  actually  worked  at  a  distance  of  one  mile  and  a  quarter. 
(205)  Stoinbeil**  Sounding  BKnvneto-eleetrio  Teleffimpli. 
— ^This  instrument,  which  was  at  work  in  July  1837,  was  fully 
described  by  its  author  in  a  communication  to  the  Academy  of 
Sciences,  September  lo,  1838.  It  was  a  printing  and  sounding* 
telegraph,  and  was  worked,  like  that  of  Gauss  and  Weber,  by  the 
magneto-electric  machine ;  only  one  wire  was  employed,  the  etirth 
being  used  to  complete  the  circuit.  To  communicate  signals  by 
sound,  Steinheil  used  two  bells  of  different  tones,  either  of  which 
could  be  struck  at  pleasure  by  the  needles;  and  to  make  a  perma- 
nent record  of  a  sig- 
Fig.  301.  •    iicd,  dots  were  made  on 

paper  moved  by  ma- 
chinery in  front  of  the 
needles,  each  of  which 
was  furnished  with  a 
little  tube  containing 
ink. 

This  telegraph  was 
worked  through  i  * 
miles,  and  with  8  sta- 
tions in  the  circuit ;  its 
invention  was  a  great 
step  in  the  advance- 
ment of  electro-tele- 
graphing, since  it  esta- 
blished the  fact  of  the 
sufiiciency  of  the  earth 
to  complete  the  circuit 
(206)  Cooke  and 
^mieatstone's  Tive- 
JTeedle  Telei^rapli. 
I  — This  instrument,  the 

patent  for  which  was 

sealed  June  12, 1837,  is 

shown  in  Fig.  301,  and 

was  thus  described  by  Wheatstone  in  his  examination  before  the 

Parliamentary  Committee  on  Railways :  — 

*  Upon  a  dial  are  arranged  5  magnetic  needles  in  a  vertical  position ;  20 
letters  of  the  alphabet  are  marked  upon  the  face  of  the  dial,  and  the  various 
letters  are  indicated  by  the  mutual  convergence  of  two  needles  when  they 
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are  caased  to  move.  These  magnetic  needles  are  acted  upon  by  electrical 
carrents  passing  through  coils  of  wire  placed  immediately  behind  them. 
£ach  of  the  coils  forms  a  portion  of  a  communicating  wire  which  may  extend 
to  any  distance  whatever. 

*  These  wires  at  their  termination  are  connected  with  an  apparatus  which 
may  be  called  a  communicator,  because  by  means  of  it  the  signals  are  com- 
municated. It  consists  of  5  longitudinal  and  2  transverse  metallic  bars  fixed 
in  a  wooden  frame ;  the  latter  are  united  to  the  poles  of  a  voltaic  battery, 
and,  in  the  ordinary  condition  of  the  instrument,  have  no  metallic  communica'- 
tion  with  the  longitudinal  bars,  which  are  each  immediately  connected  with  a 
different  wire  of  the  line ;  on  each  of  these  longitudinal  bars  %  stops  are  placed, 
forming  together  1  parallel  rows.  •  When  a  stop  of  the  upper  row  is  pressed 
down,  the  bar  upon  which  it  is  placed  forms  metallic  communication  with 
the  transverse  bar  below  it,  which  is  connected  with  one  of  the  poles  of  the 
battery ;  and  when  one  of  the  stops  of  the  lower  row  is  touched,  another  of 
the  longitudinal  bars  forms  a  metallic  communication  with  the  other  pole  of 
the  voltaic  battery ;  and  the  current  flows  through  the  two  wires  connected 
with  the  longitudinal  bars  to  whatever  distance  they  may  be  extended, 
passing  up  one  and  down  the  other,  provided  they  be  connected  together  at 
their  opposite  extremities,  and  affecting  magnetic  needles  placed  before  the 
coils  which  are  interposed  in  the  circuit' 

By  reference  to  the  figure^  it  will  be  seen  tbat  of  tbe  terminal 
wires  of  the  5  galvanometers^  5  are  represented  as  passing  out  of 
the  side  of  the  telegraph  case  on  the  left  hand;  and  the  other  5  on 
the  right  j  they  are  numbered  i,  2,  3, 4,  5.  The  wires  of  the  same 
number  as  the  multiplier  are  those  which  belong  to  it  and  are 
continuous.  Thus  the  wire  i  on  the  left  hand  proceeds  from  the 
first  coil  of  multiplier  i,  then  to  the  second  coil^  and  then  coming 
off;  passes  out  of  the  case  and  is  numbered  i  on  the  right  hand; 
and  so  on  with  the  other  wires.  The  letters  0,  J,  Q,  U;  X,  Z  are 
not  represented  on  the  dial.  Each  needle  has  two  motions,  one  to 
the  right  and  one  to  the  left.  For  the  designation  of  any  of  the 
letters;  the  deflection  of  two  needles  is  required;  but  for  the  nume- 
rals; one  needle  only.  The  letter  intended  to  be  noted  by  the 
observer  is  designated  in  the  operation  of  the  telegraph  by  the 
joint  deflection  of  two  needles  pointing  by  their  convergence  to  the 
letter.  For  example;  in  the  figure;  the  needles  i ,  and  4  cut  each 
other  by  the  lines  of  their  joint  deflections  at  the  letter  Y  on  the 
dial;  which  is  the  letter  intended  to  be  observed  at  the  receiving 
station.  In  the  same  manner  any  other  letter  may  be  selected. 
Suppose  the  needle  i  to  be  vertical;  as  needles  2;  3;  and  5;  then 
needle  4  only  being  deflected;  points  to  the  numeral  4  as  the  num- 
ber intended  to  be  designated. 

(207)  Cooke  and  ^mieata tone's  Sinirle  JTeedle  Teleyrapli. 
— ^This  instrument;  which  was  patented  May  6;  1845;  ^^  shown  in 
Figs.  302  and  303.    It  is  essentially  composed  of  a  single  multi- 
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plier,  with  an  indicator  fixed  yertically  on  a  horizontal  axis,  and 
moving  in  front  of  a  dial-plate.  TIub  indicator  may  be  either  a 
light  strip  of  wood  or  a  magnetic  needle ;  if  the  latter,  its  poles 
must  be  in  a  revers:!d  position  to  those  of  the  needle  in  Hie  bobbin. 
When  the  voltaic  current  is  sent  through  the  coil^  the  needle  is 
deflected  to  the  right  or  to  the  left  according  to  the  direction  in 

Fig.  joz. 


which  the  current  passes.  The  alphabet  is  situated  both  on  the 
right  and  the  left-hand  side  of  the  needle ;  some  letters  require 
four  movements  of  the  needle,  but  the  last  motion  which  completes 
the  indication  of  a  letter  situated  on  the  right-hand  side  is  always 
a  movement  to  the  right;  in  like  manner,  the  last  motion  which 
completes  the  indication  of  a  letter  on  the  left  side  is  always  a 
movement  to  the  left.  For  example,  the  letter  W  is  indicated  by 
four  motions  of  the  needle,  three  to  the  left  and  one  to  the  right; 
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the  letter  I  also  is  indicated  by  four  motions^  to  t^e  right  and 
then  to  the  left^  then  again  to  the  right,  and  finally  to  the  left. 

The  code  of  signals  formerly  used  with  the  single  needle  tele- 
graph is  shown  in  the  following  diagram ;  and^  bearing  in  mind  that 
the  deflections  of  the  symbols  for  each  letter  commence  in  the 
direction  of  the  short  marks  and  end  with  the  long  ones,  it  will  be 
seen  that  the  deflections  of  a  single  needle  may  be  made  to  denote 
all  the  letters  of  the  alphabet : — 

Fig.  |<H. 

+      ABC  MNOP 

\   w  ^  m  II    //////  /# 

D       E         F         /\  R       S       T 

v\v  \\v    1 1     J  J/  J// 
CHI      r)      u     V     w 

V  \v  \     /    /  <//  y 

Q       K        L  y  X        Y       Z 

v//^  ^  \).^    V'  u  J/  "%. 

'  The  numerals  are  inscribed  on  the  dial  underneath  the  needle, 
and  are  indicated  by  the  movements  of  its  lower  half.  For 
example,  the  flgure  4  is  designated  by  the  motion  of  the  lower 
extremity,  once  to  the  right  and  once  to  the  left ;  the  figure  9  by  a 
movement  once  to  the  left  and  once  to  the  right,  and  so  on. 

The  internal  mechanism  of  the  telegraph  is  exhibited  in  Fig. 
305.  A  is  the  bobbin,  in  the  interior  of  which  is  placed  either  a 
single  magnetic  needle  in  the  form  of  a  Khomboid  i^  inch  long  by 
{ths  of  an  inch  broad,  or,  which  Walker  prefers,  several  highly  mag- 
netized short  needles  firmly  secured  on  either  or  both  sides  of  a 
very  thin  ivoiy  disc.  The  exterior  or  index  needle  is  about  three 
inches  long.  The  frame  of  the  coil  is  made  of  copper,  wood,  or 
ivory ;  it  is  screwed  to  a  plate  of  varnished  copper  against  the  side 
of  the  telegraph  case.  The  copper  wire  surrounding  the  bobbin  a 
is  about  T^^^  ^^  ^^  ^'^  ^°  diameter,  and  is  well  covered  with  cot- 
ton ;  one  end  of  the  wire  from  the  right-hand  bobbin  is  in  contact 
with  the  screw  e,  which  by  means  of  a  metallic  strap  is  connected 
with  the  screw  g',  secured  on  the  base  of  the  apparatus;  the 
other  end  of  the  wire  on  the  left-hand  bobbin  is  in  contact  with 
another  screw  d,  supported  by  a  strip  of  brass  which  is  fixed  to 
the  bar;  from  this  brass  plate  there  rises  an  upright  stiff  steel 
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spring  df  which  presses  strongly  against  a  point  attached  to  an  in- 
sulated brass  rod  r  pcrewed  against  the  side  of  the  case ;  on  the 
opposite  side  of  this  rod  is  another  point  against  which  a  second 

stiff  steel  spring  <f  presses; 
this  spring  is  attached  to  a 
brass  plate  B,  terminated  by 
a  binding  screw  E^ ;  e'  there- 
fore is  the  screw  terminal  of 
the  wire  from  the  left-hand 
coil.  If  g'  and  e'  be  now  con- 
nected by  a  wire  w,  the  cur- 
rent will  flow  from  g'  through 
Q  into  the  right-hand  coil,  out 
from  the  left-hand  coil  to  n, 
thence  through  <^  r  <^'  to  E,  and 
from  the  terminal  screw  e' 
round  the  wire  circuit  back 
to  g'  ;  and  if  the  wire  from  e' 
proceed  t^  a  line  of  railway, 
and  the  wire  from  e'  down 
the  line,  the  circuit  being  com- 
plete throughout,  the  needle 
in  the  bobbin  A  will  be  de- 
flected by  a  current  proceed- 
ing from  any  station  on  the 
line,  and  thus  signals  will  be 
communicated. 

Battery  contact  is  broken,  knd  the  direction  of  the  current  re- 
yersed,  by  the  action  of  the  springs  d  eP,  in  the  following  manner : 
•»B  is  a  boxwood  drum,  moveable  by  a  handle  seen  at  h,  in  the 
front  of  the  base  of  Fig.  302.  Hound  either  end  of  this  drum  are 
fixed  the  brass  caps  c  and  z ;  the  caps  do  not  touch  each  other,  a 
disc  of  boxwood  being  between  them.  Into  these  caps  are  screwed 
the  steel  projecting  pieces  c'  z',  which  become  the  poles  of  the 
battery,  z'  being  connected  with  the  zinc  end  and  </  with  the 
copper  end ;  a  wire,  c,  from  the  copper  end  of  the  battery  conveys 
the  current  &  c%  and  a  vrire  from  the  zinc  end  along  z,  to  a  steel 
spring  which  touches  z,  the  continuation  of  the  z  end  of  the  box- 
wood cylinder. 

Now  on  moving  the  drum  by  the  handle  h  (Fig.  301),  the 
steel  spring  d  will  be  raised  from  its  corresponding  point  on  r ; 
the  circuit  vrill  thus  become  broken,  and  by  continuing  the  motion 
of  the  drum,  the  wire  c  will  come  into  contact  vrith  the  spring 
below  it,  and  thus  there  will  be  a  battery  pole  at  either  end  of  the 
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drum^  and  signals  will  thus  be  made  on  the  dial,  and  on  all  the 
instruments  connected  with  it.  The  connections  are  made  in  such 
a  manner,  that  when  the  handle  is  turned  to  the  right  the  needle 
moves  to  the  right.  The  exterior^  o^  indicating  needle  is  always 
placed  with  its  N  pole  upioards ;  that  within  the  coil  with  its  N  pole 
downwards;  so  that^  in  accordance  with  Oersted's-  fundamental 
law  (147)^  looking  at  the  face  of  the  instrument,  if  we  see  the 
upper  part  of  the  needle  moving  towards  the  right,  the  spectator 
may  he  sure  that  the  current  is  ascending  in  that  half  of  ^e  wire 
which  is  nearest  to  him. 

A  simpler  form  of  manipulating  key,  applicable  however  only 
to  single  needle  telegraphs,  and  which  has  been  adopted  in  the 
military  instruments,  is  shown  in  Fig.  306. 

The  two  springs,  <  «",  are  screwed  to  a  block  in  such  a  manner  that  when 
at  rest  they  press  upwards  against  the  metal  cross-piece  c.  To  insure  good 
contact  with  this  metal,  a  steel  point,  with  many  edges,  is  brazed  to  the  top 

Pig.  J06. 


of  each  spring,  which  presses  it  upwards  into  the  cup  in  the  cross-piece  e. 
The  springs  are  terminated  at  n  n,  with  finger-keys  of  ivory  or  ebony,  or 
some  other  non-conducting  substance.  Underneath  the  springs  are  two 
metal  points,  against  which  they  can  be  pressed  down  by  the  finger,  and 
which  are  in  metallic  connection  with  the  zinc  pole  of  the  battery ;  c  is  in 
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connection  with  the  copper  pole,  «  » in  connection  with  the  earth, «'  with 
the  line  wire  through  the  galvanometer  coils. 

A  corrent  coming  from  the  distant  sUtion  traverses  the  coils  of  the  receiv- 
ing instrument,  deflectiag  its  needle,  passes  from  «'  through  o  to  f,  and  so  to 
the  earth. 

When  8  is  prvssed  down,  the  line  pole  of  the  battery  is  connected  with  the 
earth,  wfcile  the  copper  pole  remains  in  connection  through  c  and  J  with  the 
galvanometer  of  the  sending  instrument,  and  through  it  with  the  line  wire, 
and  a  positive  current  is  instantly  sent  through  the  coils  of  all  the  instru- 
ments in  the  circuit,  and  so  to  the  earth  at  the  most  distant  station.  A 
reverse  current  is  produced  by  pressing  down  the  key  «',  and  thus  the  needles 
of  the  sending  and  receiving  instruments  are  simultaneously  deflected  to  the 
right  or  left  at  pleasure. 


Rg.  go7. 
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(208)  Cooke  and  ^Vlfteatstoiie'B  ]>ou1>le  Weedle  Teloffrapb. 

— This  instrument,  which  is  now  in  general  use  for  railway  service 
in  this  country,  is  merely  a  combination  of  two  single  needle  in- 
struments ;  it  is  represented  in  Fig.  307.  On  the  top  of  the  case 
is  the  alarum  A,  which  is  worked  by  the  handle  b.  h  h'  are  the 
handles  by  which  the  two  needles  are  manipulated,  and  s  is  the 
silent  apparatus.  The  internal  mechanism  is  precisely  similar  to 
that  of  the  single  needle  apparatus.  The  alphabet  used  will  be 
understood  from  Fig.  308^  which  repres^its  the  face  of  the  instrument 


with  its  two  needles.  The  letters  of  the  alphabet  are  ranged  from 
left  to  right,  as  in  the  ordinary  mode  of  writing,  in  several  lines  above 
and  below  the  points  of  the  needles,  the  first  series,  from  A  to  P, 
being  above,  and  the  second  series,  firom  R  to  Y,  below.  The  fol- 
lowing is  the  complete  vocabulary  and  mode  of  correspondence : — 

A.  Two  movements  towards  the  left,  by  the  left  needle. 

B.  Three  movements  towards  the  left,  hj  the  left  needle. 

G,  and  the  Fig.  i.  Two  movements  of  the  left  needle,  the  first  to  the  left, 
and  the  second  to  the  right. 

D,  and  the  Fig.  2.  Two  movements  of  the  left  needle,  the  first  to  the  right, 
and  the  second  to  the  left. 

£,  and  the  Fig.  3.  One  movement  of  the  left  needle  to  the  right. 

F.  Two  movements  of  the  left  needle  to  the  right 

0.  Three  movements  of  the  left  needle  to  the  right 

H,  and  the  Fig.  4.  One  movement  to  the  left  of  the  right-hand  needle.  . 

1.  Two  movements  to  the  left  of  the  right-hand  needle. 
J  is  omitted,  and  replaced  by  G. 

K.  Three  movements  of  th»  right  needle  to  the  left. 

L,  and  the  Fig.  5.  Two  movements  of  the  right-hand  needle,  the  first  to 
the  right,  the  second  to  the  left 

M,  and  the  Fig.  6.  Two  movements  of  the  right  needle,  the  first  to  the 
left,  the  second  to  the  right 

K,  and  the  Fig.  7.  One  movement  of  the  right  needle  towards  the- right 
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O.  Two  movements  of  the  right  needle  to  the  right. 

P.  Three  moYements  of  the  right  needle  to  the  right 

Q  is  omitted,  and  K  substituted  for  it. 

B,  and  the  Fig.  8.  A  single  movement  of  both  needles  towards  the  left. 

8.  Two  movements  of  both  needles  towards  the  right 

T.  Three  movements  of  both  needles  towards  the  left 

U,  and  the  Fig.  9.  Two  movements  of  both  needles,  the  first  towards  the 
right,  the  second  towards  the  left 

y  and  0.  Two  movements  of  both  needles,  the  first  to  the  left,  the  second 
to  the  right 

W.  One  movement  of  both  needles  towards  the  right. 

X  Two  movements  of  both  needles  towards  the  right 

Y.  Three  movements  of  both  needles  towards  the  right 

Z  is  omitted,  and  replaced  bj  S. 

The  sign  +  indicating  the  termination  of  a  word  is  derignated 
by  a  single  movement  of  the  left  needle  towards  the  left ;  the  same 
signal  is  given  when  the  receiver  does  not  understand  his  corre- 
spondent's message.  The  exhibition  of  the  letter  E  signifies  that 
he  does  understand^  and  to  denote  the  word  '^yes.''  The  signal  for 
E  is  repeated  twice,  i.  e.  two  movements  of  the  left  needle  towards 
the  right  are  made. 

The  words  '  wait/  *  go  on/  seen  on  the  right  and  left-hand  side 
of  the  bottom  of  the  dial-plate  are  of  great  importance.  Suppose, 
for  example,  the  London  clerk  wishes  to  communicate  with  his 
correspondent  at  Dover,  and  that  the  latter  is  at  the  same  time 
engaged,  he  immediately  signals  the  letter  K,  thereby  intimating 
that  he  is  not  prepared  to  receive  the  London  message ;  when  he 
is  at  liberty,  he  directs  his  needle  towards  W^  which  means  'go 
on/  and  the  correspondence  begins. 

It  is  also  absolutely  necessary  to  have  a  method  whereby  one 
station  may  signify,  to  any  individual  station  on  the  line,  that  a 
message  is  proposed  to  be  sent  to  it.  Suppose,  for  example,  that 
London  wishes  to  communicate  with  Tonbridge ;  on  the  dial-plate 
of  Fig.  307  vtrill  be  seen  the  names  of  the  six  stations  of  one  of  the  . 
groups  on  the  South-Eastem  Railway,  viz.  Eeigate,  Tonbridge, 
Ashford,  Folkstone,  London,  and  Dover.  Each  of  these  stations  is 
represented  by  a  letter.  Thus,  London  is  designated  by  R,  Ton- 
bridge  by  E,  Dover  by  W,  and  so  on.  The  London  correspondent 
signals  E,  and  at  the  same  lime  rings  the  bell  at  the  station  at 
Tonbridge ;  the  Tonbridge  clerk  immediately  returns  the  ring  at 
London,  thereby  intimating  that  he  is  at  his  post  London  now 
signals  R,  by  which  Tonbridge  knows  tifat  it  is  London  that  wishes 
to  communicate  with  him;  he  returns  the  signal  R;  London 
again  rings  the  bell,  and  the  correspondence  commences — ^Tonbridge 
signalling  the  letter  E  after  every  word  if  he  understands,  or  the 
sign  +  if  he  does  not.    The  message  being  finished^  London  de- 
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fleets  his  left-hand  ueedle  twice  to  the  left.  Tonbridge  returns 
the  signal  if  he  has  no  reply  to  make,  and  proceeds  to  transmit  the 
message  to  its  destination. 

The  numerals  are  indicated  by  certain  letters  j  the  letter  H,  fol- 
lowed by  the  sign  4-^  intimating  that  figures,  not  letters,  are  about 
to  be  shown.  The  letter  W  interposed  between  certain  figures 
serves  to  group  them :  thus,  the  letters  HE  W  N  might  mean 
2^43  7«.,  or  43  feet  7  inches,  &c.  Special  signals  are  also  devised 
for  special  purposes. 

(209)  Alarums.— I.  Worked  by  C%)cA;t(7orA;.— An  instrument  of 
this  kind  is  shown  in  fig.  309. 

A  18  an  electro-magnet ;  b  an  armature  of  soft  iron,  -which  is  attracted  by 
A,  and  retained  as  long  as  the  voltaic  current  circulates  round  the  bobbio. 
This  armature  is  prevented  from  com- 
ing into  actual  contact  with  the  pole  of  -»  • 
the  electro-tnagnet  by  means  of  two  ' 
little  copper  studs,  tipped  with  ivory, 
inserted  in  its. face;  this  is  necessary, 
because  as  soft  iron  does  not  lose  the 
whole  of  its  magnetism  when  the  bat- 
tery circuit  is  broken,  permanent  ad- 
hesion would  otherwise  ensue.  The 
armature  is  mounted  on  the  short  arm 
of  a  lever  c,  carrying  at  the  other  end 
of  the  arm  a  short  projecting  piece  e, 
which,  catching  in.  a  stop  in  the 
circumference  of  the  wheel  d,  prevents 
it  from  moving.  The  armature  is 
brought  back  to  its  normal  position 
when  the  attraction  ceases,  by  the 
small  spring/,  which  presses  against 
the  long  arm  of  the  lever.  Of  the 
clockwork  contained  in  the  barrel,  only 
the  principal  pieces  are  shown  in  the 
figure;  the  cogwheel  6  is  connected 
by  a  pinion  with  the  cogwheel  a,  which 
works  t,  and  this  again  gives  motion 
to  d,  which  carries  the  stops.  The 
anchor  escapement  g  works  on  the 

wheel  t^  and  on  the  axis  of  the  same  wheel  is  placed  the  double-headed 
hammer  A. 

On  completing  the  battery  circuit,  the  armature  b  is  attracted  by  the 
electro-magnet,  the  long  arm  of  the  lever  c  moves  to  the  left,  and  the  wheel 
d  being  then  set  at  liberty,  the  mainspring  in  the  barrel,  which  is  kept  con- 
stantly wound  up,  sets  it  in  motion,  and  the  hammer  is  instantly  put  into 
rapid  vibration,  striking  alternately  the  opposite  sides  of  the  bell  d  ;  the 
ringing  is  kept  up  as  long  as  the  circuit  is  dosed,  but  the  moment  it  is 
broken,  the  armature  is  detached  by  the  spring/  and  the  catch  is  again 
pressed  into  its  place  by  the  wheel  d.    It  is  not  the  voltaic  current  that  rings 
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the  bell,  but  the  mainspring  in  the  barrel ;  all  that  electricity  does  is  to  dis- 
engage the  catch;  and. there  is  no  gpreater  difficulty,  therefore,  in  ringing  a 
large  bell  than  a  small  one. 

%,  Worked  by  the  Direct  Action  of  the  Voltaic  Owrreie^.— Aninstru- 
ment  of  this  kind  is  shown  in  Fig.  310.  Its  action  is  very  simple. 
The  armature  L  of  the  electro-magnet  is  a  hollow  cylinder  fixed  on 
a  steel  spring  d,  and  furnished  with  a  hammer  u,  which  strikes 
the  bell  T;  a  spring,  r,  communicating  with  tjie  earth  by  the 
binding-screw  £,  touches  L  when  it  is  in  a  state  of  rest.  A  current 

Fig,  J 10. 


from  the  line  wire  passes  from  A  to  B,  traverses  the  coil  of  the 
electro-magnet,  the  spring  B,  the  aimature  L,  the  spring  r,  and  so 
to  the  earth ;  but,  during  its  passage,  l  is  attached  to  the  electro- 
magnet, the  contact  with  r  is  broken,  and  the  current  ceases ;  L 
then  falls  backs  into  contact  with  r,  and  the  operation  is  repeated. 
In  this  manner  a  succession  of  blows  are  struck  on  the  bell  by  the 
hanimer  ic. 

A  considerable  force  of  current  is  required  to  work  an  alarum  of 
this  description,  and  on  long  lines  a  relay  magnet  is  employed  in 
connection  with  it.  This  arrangement  will  be  understood  from  an 
inspection  of  Fig.  311. 

The  current  from  the  distant  station  passes  from  l  through  the 
coils  of  the  electro-magnet,  and  so  to  the  earth  at  t  ;  the  armature 
p  is  .^ttractedi  and  the  contact  is  made  which  puts  in  action  the 
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local  battery ;  but  at  the  same  instant  the  button  i  is  released,  and 
starts  up  under  the  influence  of  the  spiral  spring  r,  and  thus  leaves 
a  permanent  record  of  the  bell  having  been  rung.  This  system 
is  used  when  many  wires  from  distant  stations  arrive  at  the  same 
office ;  each  wire  lias  its  relay,  and  there  is  but  one  alarum-bell ; 
the  relays  are  all  arranged  in  a  box  having  holes  in  the  lid  corre^ 
spending  with  the  buttons ;  these  start  up  into  view  when  a  current 
circulates  through  the  electro-magnet  coils,  and  designate  the  par- 
ticular stations  which  vrish  to  communicate. 

Fig.  311. 


On  the  South-Eastern  Railway,  on  which  the  alarum  or  ^  Train 
Signal  BelV  has  been  used  since  December  1851,  there  are  at  the 
present  time  about  400  instruments  in  daily  and  constant  use  for  the 
sole  purpose  of  signalling  trains  on  the  308  miles  of  which  that  rail- 
way consists.  In  an  excellent  article  on  *  Train  Signalling  in  Theory 
and  Practice/  by  Mr.  Charles  Walker,  F.R.S.,  Telegraphic  Engi- 
neer to  the  South-Eastem  Railway  Company,  the  laws  of  train 
signalling  are  thus  illustrated  (Popular  Science  Itevieto,  April 
1865):- 

'Taking  the  simple  case  of  a  railway  like  the  Ramsgate-Margate,  for 
instance,  having  two  pairs  of  rails,  an  up  line  and  a  down  line,  with  a  signal- 
station  at  each,  but  no  intermediate  station ;  the  fundamental  law  is,  two 
trains  or  engines  are  not  to  be  allowed  to  run  on  the  same  line  between  two  signal- 
stations  at  the  same  time.    In  order  to  carry  out  this  important  regulation, 
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upon  which  the  secmitj  of  those  that  travel  bo  largely  depends,  every  train 
or  engine  must  be  signalled  out  to  the  next  station  before  it  leaves  or  pastes 
a  station,  so  that,  when  the  business  of  the  day,  for  instance,  commences, 
station  B  knows  that  train  No.  i  is  asking  permission  to  come  to  him  from 
station  A;  and  to  prevent  all  misnnderstandlffg^  the  train,  or  Engine  must 
not  be  started  or  allowed  to  pass  until  the  next  station  has-MMn  the  tmt 
signaL  It  is  not  enough  for  the  6rst  station  to  gm  the  signal,  the  other 
station  must  take  it,  for  no  signal  given  by  one  station  is  complete  until 
taken  by  the  other  station  repeating  it,  by  which  process  a  clear  understand- 
ing is  established  between  the  two  ^igpnallers,  and  the  precise  signal  sent  by 
one  is  received  by  the  other. 

'  The  next  rule  is,— ^t«ry  tram  or  engine  that  arrives  at,  or  passes  a  stathn, 
is  to  be  immeeUatdg  signalled  back  in  .to  the  hut  station ;  and  it  follows,  from 
what  has  been  already  stated,  that  no  second  train  or  engine  is  to  be  allowed 
to  follow  until  the  in  or  arrival  signal  of  the  previous  train  has  been  taken, 
that  is  to  say,  has  been  repeated  back  blow  for  blow. 

*  For  the  ordinary  purposes  of  train  signalling,  the  greatest  number  of 
blows  on  the  bell  is  three^  and  this  number  may  be  made  in  two  seconds  or 
less.    The  code  with  its  interpretation  is — 

*  One  blow  for  every  up  train  or  engine  .       *       .        .    Out. 
'  Two  blows  for  every  down  train  or  engine    .        .        .    Out. 

*  Three  blows  for  every  train  or  engine  ....    In.' 

In  each  signal-box  a  bftttery  with  the  proper  number  of  cells  is 
mounted,  a  bell  is  set  up,  and  a  ringing  key^  mostly  detached  from 
the  bell  for  convenience  of  access^  is  firmly  fized^  and  one  telegraph 
wire  is  extended  from  station  to  station.  The  signalmen  are  not 
required  to  look  after  the  apparatus,  which  is  so  simple  that  it 
almost  takes  care  of  itself.  All  they  have  to  do  is  to  make  and 
enter  the  signals.  In  the  case  of  an  intermediate  station,  a  pair  of 
bells  of  different  tones  are  provided.  They  are  placed  on  either 
side  of  the  box,  each  being  at  the  side  nearest  the  station  with 
which  it  is  in  communication.  The  signalman,  by  the  sound  of 
the  bell,  by  the  direction  from  which  the  sound  comes,  and  by  the 
number  of  blows  heard,  knows  on  the  instant  whether  it  is  a  train 
coming ;  or  one  gone  and  safe  in ;  and  which  train. 

When  a  bell  is  struck  Jive  times,  it  indicates  that  the  line  is 
blocked,  and  three  blows  given  and  taken  ttoice  announce  that  the 
line  is  clear  again.  If  the  trains  of  two  companies  travel  on  the 
same  line,  a  simple  deviation  from  the  general  code  is  resorted  to; 
for  instance,  the  South-Eastem  and  Brighton  trains  both  run  on 
the  same  line  between  London  and  Red  Hill,  one  blow  on  the  bell 
indicates  a  South-Eastem  train,  whether  up  or  down,  and  two 
blows  a  Brighton  train,  and  in  like  manner  distinctive  signals  by 
bells  of  different  tones  may  be  contrived  to  meet  every  conceivable 
case  of  complexity. 

(211)  Bleotro-magnetic  Semaphorea. — ^Where  the  trains  up 
iind  down  a  railway  are  many  in  number,  it  is  found  necessary  to 
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combine  a  visible  with  an  audible  signal,  the  former  showing  at  a 
glance  the  actual  state  of  the  line,  i.  e.,  whether  or  not  the  lines  in 
either  direction  are  free  from  trains.  The  instrument  by  which 
Tisible  ai^als  are  indii^ted  is  called  a  '  Semaphore.'  On  the 
Charing  Cfh)8S  Railway  the  electro-magnetic  semaphores  are  minia- 
ture resemblances  of  those  used  on  the  railway ;  they  are  provided 
with  a  red  arm  on  the  left  side,  and  a  white  arm  on  the  right  side, 
each  capable  of  being  moved  by  the  electric  current.  They  are 
placed  in  the  right  and  left-hand  comers  of  the  signal-box,  and 
the  regulations  for  working  them  are  such  that  the  arms  at  all 
times  indicate  the  state  of  the  line. 

Looking  towards  a  semaphore,  whether  actual  or  electro-mag- 
netic, the  red  and  left  arm  has  reference  to  trains  receding ;  the 
white  and  right  arm  to  trains  approaching.  When  an  arm  is  up, 
it  indicates  tbat  a  train  is  on  the  line,  and  when  down,  that  a  train 
is  not  on  the  Kne.  The  principle  upon  which  the  electro-magnetic 
semaphores  are  connected  up  and  arranged  on  the  Charing  Cross 
Railway  is,  that  ^each  station  can  put  up  or  down  the  white  arm 
only  at  his  own  station,  and  the  red  arm  only  at  the  other  station.' 
No  signalman  has  power  to  alter  the  position  of  his  own  red  arm ; 
it  is  put  up  behind  a  train  by  the  next  station,  and  put  down  when 
the  train  is  in  at  that  station. 

The  motions  of  the  arms  of  the  electro-magnetic  telegraph  sema- 
phore are  produced  in  a  very  simple  manner.  A  couple  of  bar 
magnets  are  so  mounted  in  a  moveable  system  in  relation  to  the 
two  poles  of  an  electro-magnet  that  the  action  of  the  latter  on  the 
four  poles  of  the  magnet  is  combined  to  produce  motion  ih  one 
direction  with  one  current  of  electricity,  and  in  the  reverse  direc- 
tion with  the  reverse  current,  and  these  motions  are  transferred  to 
the  arms  of  the  semaphore. 

(212)  Telegraph  Batteries. — The  batteries  originally  used  to 
work  our  English  telegraphs  were  composed  of  amalgamated  zinc 
and  copper  plates,  4^  inches  long  by  3^  inches  wide,  the  zinc  being 
three-sixteenths  of  an  inch  thick.  The  plates  were  cemented  water- 
tight on  to  stout  teak-wood  or  oak  troughs,  each  trough  being 
from  15  to  30  inches  long,  and  5^  inches  wide,  and  divided  into  12 
or  24  cells  by  partitions  of  slate.  The  plates,  connected  together 
by  copper  slips,  were  placed  across  the  slate  partitions,  and  the 
cells  were  filled  to  within  an  inch  of  the  top  with  siliceous  sand, 
which  was  then  saturated  with  a  mixture  of  i  part  of  oil  of  vitriol 
and  15  parts  of  water.  The  number  of  cells  used  varied  according 
to  the  cUstance  between  the  stations ;  for  short  groups  of  10  or  15 
miles,  24  cells  were  employed  ^  for  distances  from  40  to  60  miles, 
double  that  number.    These  sand  batteries,  though  developing  a 
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powerful  current  of  electricity  when  first  charged,  are  very  incon- 
stant, and  in  almost  every  case  have  given  way  to  a  modification 
of  the  battery  of  Daniell,  though  in  America  Grove's  nitric  acid 
battery  is  extensively  employed. 

The  form  of  sulphate  of  copper  battery  now  generally  used  for 
telegraphic   purposes  in  England  is  that  known  as  *  Muirhead's 

hattery?    A  longitudinal  sec- 
J.J  tion  through  one  end  of  this 

battery  is  shown  in  Fig.  312. 
The  zinc  plates  are^  about  4. 
inches  X  2  inches,  the  copper 
plate  is  about  4  inches  x  3 
inches.  The  porous  cells,  jpj?, 
are  filled  with  solution  of 
sulphate  of  copper;  very  di- 
lute sulphuric  acid  is  put  in* 
the  outer  cells,  which  are  of 
white  porcelain,  and  made  in 
pail's.  Five  such  pairs  are 
enclosed  in  a  strong  box  with 
a  wooden  cover.  To  check 
endosmosis  through  the  po- 
rous cells,  they  are  greased, 
except  on  the  portion  which  is  opposite  to  the  zinc  plate. 

Instead  of  sulphuric  acid,  a  solution  of  sulphate  of  zinc  may  be 
used  in  the  zinc  cell ;  in  this  case  it  is  not  necessary  to  amalgamate 
tbe  zinc  plate,  and  there  is  little  local  action;  but  the  sulphate  of 
zinc  must  not  be  allowed  to  crystallize  on  the  zinc  plate,  or  it  will 
stop  the  action  of  the  battery.  The  saturated  solution  of  the  salt 
should  be  diluted  with  an  equal  quantity  of  water.  Contact  be- 
tween the  zinc  plates  and  the  porous  cells  should  be  avoided,  as 
such  tends  to  the  deposit  of  metallic  copper  on  the  porous  cell,  and 
the  consequent  establishment  of  a  local  circuit. 

The  porous  cells,  even  when  greased,  do  not  entirely  prevent  the 
mixing  of  the  solutions,  so  that  for  long-continued  actions  they  are 
of  little  use,  and  are  dispensed  with,  the  solutions  being  kept  for 
a  long  time  separate  by  their  respective  weights  alone.  The  copper 
solution  being  heavier  than  the  zinc,  the  copper  plate  and  crystjeds. 
of  sulphate  of  copper  should  be  placed  at  the  bottom  of  the  cell, 
and  the  zinc  plate  near  the  top  (Culley,  Practical  Telegraphy), 

The  battery  used  by  Walker  on  the  South-Eastem  Railway  to 
ring  the  signal-bells  consists  of  gas  carbon  platinized,  and  amal- 
gamated zinc,  with  dilute  sulphuric  acid. 

(213)  Supports  and  Insulators  for  Ovfirgrround  lOKrires. — 
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The  modes  of  sustaining  and  insulating  telegraph  wires  generally 
adopted  in  England  are  represented  in  Figs.  313  and  314.  Wooden 
posts,  from  15  to  30  feet  high^  are  fixed  firmly  in  the  ground  at 
the  rate  of  about  30  a  mile }  the  upper  part  of  each  post  is  5  or  ^ 


Fi?.  Jty. 


inches  square ;  it  carries  a  wooden  arm,  which  is  separated  from 
the  post  by  discs  or  rings  of  brown  delfware.  The  arm  is  secured 
to  the  post  by  an  iron  bolt  and  screw.  On  the  face  of  the  wooden 
arm  four  hollow  double  earthenware  or  glass  cones  are  fastened  by 


Fig.  J 14. 


Fig.  315. 


Fig.  316. 


collars  of  Iron ;  through  these  the  wires  pass,  and  are  thus  eifec- 
tually  insulated.  Other  forms  of  insulators  are  shown  in  Figs.  315 
316,  317,  and  318.    The  contrivance  for  tightening  the  wires  is 
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seen  at  B  (Fig.  314).  The  posts  on  which  this  apparatus  is  placed 
are  much  stouter  than  the  ordinary  sustaining-posts,  and  are  fixed 
at  intervals  of  ^  of  a  mile  apart.  To  the  upper  part  of  the  post  are 
attached  as  many  iron  screws  as  there  are  telegraph  wires,  and 
each  screw  carries  a  winder  consisting  of  a  grooved  drum  with  a 
wheel  and  ratchet  attached ;  the  ends  of  the  winder  are  insulated 
from  the  post  by  discs  of  earthenware ;  a  and  b  (Fig.  31 3)  are  two 
earthenware  pulleys  or  shackles,  each  furnished 
with  two  hooks  insulated  from  each  other.  pig.  318. 

The  winding-post  is  thus  seen  to  be  out  of  the 
circuit,  but  the  metallic  continuity  of  the  tele- 
graph wire  is  secured  by  the  thin  wire  c,  sol- 
Fig.  317. 


dered  to  the  outside  of  each  shackle.  Fig,  319  shows  the  form  of 
shackle  usually  employed  for  making  a  break  in  the  line  in  order 
to  introduce  an  instrument  into  the  circuit,  and  Fig.  320  repre- 
sents Bright's  patent  terminal  insulator,  which  is  largely  used  in 
over-house  telegrapbs.    One  or  two  insulators  are  attached  to  the 


Fig.  J 19. 


Fig.  J20. 


bolt  as  required ;  when  used  as  an  intermediate  support  for  long 
spans,  or  at  bends  in  the  line,  two  insulators  are  attached,  as  shown 
in  the  figure,  and  the  conductor  is  completed  by  soldering  a  short 
wire  to  the  line  wire  at  each  side. 

The  insulator  generally  used  in  France  is  shown  in  Pig.  321. 
The  iron  hook  by  which^the  wire  is  suspended  is  cemented  into 
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the  porcelain  by  a  mixture  of  sulphur  and  coloothar.  The  tighten- 
ing ratchet  is  shown  in  Fig.  3*2 ;  it  is  made  of  galvanized  iron, 
and  one  is  fixed  at  every  mile,  the  supports  being  of  porcelain. 

The  telegraph  wire  is  of  iron,  about  one-sixth  of  an  inch  in 
diameter,  gahanized  by  being' passed  through  a  bath  of  melted 
zinc,  but  in  the  neighbourhood  of  large  towns,  where  great  quan- 
tities of  coals  are  daily  burned,  the  sulphurous  acid  vapours  arising 
from  the  combustion  of  the  fuel  passing  over  the  oxide  of  zinc 
convert  it  into  sulphate  of  zine,  which,  being  soluble  in  water,  is 
soon  washed  ofi*  by  the  rain.    The  iron,  thus  deprived  of  its  pro- 

Fig.  jii.  Fig-  3i»- 


tecting  covering,  soon  eonodes.  It  was  suggested  by  Highton 
{Ekctric  Telegraph,  p.  117)  that  in  the  neighbourhood  of  large 
towns  the  wires  should  either  be  painted  and  varmshed  or  entirely 
cased  in  gutta  percha. 

The  insulator  employed  on  the  '  Morse '  line,  from  New  York 
to  Washington,  is  simply  a  glass  knob  with  two  rings,  between 
which  the  wire  is  wrapped.  It  is  said  to  be  very  imperfect 
(TumbuU  on  '  The  Electro-nuMffneUc  Telegraphy  p.  156),  the  wire 
losing  its  insulation  almost  entirely  in  wet  weather,  and  the  in- 
struments working  with  difficulty  upon  even  the  slightest  shower. 
It  has  been  found  also  that  with  this  form  of  insulator  the  glass 
is  liable  to  be  cracked  in  two  pieces,  as  if  cut  with  a  diamond,  by 
the  action  of  atmospheric  electricity. 

In  the  *  House '  lii^e  of  telegraph  (American)  the  glass  cap,  which 
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is  coTered  with  lac-yaimishy  is  screwed  into  a  bell-shaped  iron  cap^ 
which  is  fitted  with  much  care  to  the  top  of  the  post,  and  well 
painted  and  varnished,  the  telegraph  wire  is  fastened  to  the  top  of 
the  cap  by  projecting  iron  points.  This  plan,  though  superior  to 
that  of  Morse's,  seems  inferior  to  the  method  adopted  in  England. 
In  Germany  the  wires  are  insulated  by  passing  through  porcelain 
caps  in  the  shape  of  a  reversed  cup,  placed  on  the  summit  of  the 
posts,  which  are  thus  covered  with  roofs.  According  to  Culley 
(Practical  Telegraphy ,  p.  60),  coverings  to  insulators  are  not  only 
useless  but  injurious.  They  do  not.  themselves  insulate,  they 
aiford  no  protection  in  fogs  or  continued  rain,  for  then  every  part 
becomes  equally  damp;  they  harbour  spiders,  which  spin  their 
threads  over  and  among  the  wires :  they  hinder  the  drying  of  the 
supports,  and  prevent  the  rain  from  washing  off  the  dust.  Insula- 
tion is  firequently  improved  by  a  heavy  summer  shower ;  but  the 
insulation  of  the  wire  is  never  perfect,  even  in  dry  weather,  and 
although  the  leakage  may  be  very  small  at  any  given  point,  yet 
as  the  total  surface  exposed  is  as  much  as  220  square  feet  per  luile 
of  No.  8  wire,  the  loss  of  electricity  by  defective  insulation  may  be 
very  great.  The  best  material  yet  known  for  insuladon  is  ebonite, 
and  if  it  should  be  faund  to  bear  exposure  to  the  weather,  it  wiH 
doubtless  be  extensively  used  as  a  telegraph  insulator.  The  next 
best  substance  is  stoneware,  which  possesses  the  important  advan- 
tage over  glass  that  its  affinity  for  moisture  is  much  less. 

There  are  two  sorts  of  leakages  to  which  telegraph  wires  are 
liable,  one  direct  to  the  earth,  which  simply  weakens  the  current, 
and  which  can  be  restored  by  additional  battery  power,  the  other 
a  leakage  into  another  wire,  which  causes  great  confusion  in  the 
working  of  the  instrument,  which  is  increased  by  an  accesnon  of 
battery  power.  These  faults  are  called  technically  *  earth '  and 
^  contfiict,'  the  former  being  contact  with  the  ground,  the  latter 
contact  with  another  wire.  The  latter  may  be,  according  to 
Culley  (Pradicdl  Telegraphy^  p.  63),  entirely  obviated  by  placing 
the  insulator  upon  a  metallic  post,  or  connecting  them  by  a  wire 
to  the  earth,  so  that  all  the  current  which  leaks  over  their  surface 
may  have  a  path  provided  which  shall  conduct  better  than  the 
line  wire,  and  the  extra  current  thrown  into  the  circuit  by  the 
lessened  resistance  may  be  provided  for  by  an  increase  of  battery 
power. 

(214)  The  Barth  Circuit. — It  had  long  ago  been  shown  by 
Watson  and  others  that  a  Leyden  phial  could  be  discharged  through 
a  circuit  one-half  of  which  consisted  of  moist  earth.  It  appears 
that  Steinheil  was  the  first  to  employ  the  earth  to  act  the  part  of 
a  conducting  wire  in  an  electro-telegraphic  circuit.    The  two  ex- 
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tremities  of  the  wire  of  his  telegraph,  constructed  at  Munich  in 
1837,  -were  attached  to  two  copper  plates  which  were  huried  in  the 
earth.  He  attrihuted  the  transmission  of  the  current  to  the  direct 
conductihilitj  of  the  earth. 

It  was  proved  on  a  larger  scale  in  1841,  hy  Cooke  and  Wheatstone) 
by  experiments  on  the  Blackwall  KaHway,  that  the  earth  may  be 
successfully  employed  to  replace  one-half  of  the  conducting  wire, 
or  for  the  r^tim  circuit.  In  fact  they  found  that  the  earth  offered 
so  little  resistance  to  the  transmission  of  electricity  that  the  same 
pile  would  work  to  a  much  greater  distance  with  a  circuit  half 
wire  and  half  earth  than  when  altogether  wire. 

It  was  noticed  by  Bain  in  1841^  whilst  engaged  on  some  experi- 
ments with  an  electro-magnetic  sounding  apparatus,  that,  if  the 
wires  were  not  perfectly  insulated  from  the  water,  the  attractive 
power  of  the  electro-magnet  did  not  entirely  cease  when  the  cir- 
cuit was  broken.  He  found  also  that,  when  a  plate  of  copper  was 
buried  in  moist  earth,  and  associated  through  the  galvanometer 
with  a  similar  plate  of  zinc  also  buried  at  a  considerable  distance, 
a  current  of  considerable  intensity  passed.  By  increasing  the  size 
of  the  plates,  he  not  only  obtained  powerful  electro-magnetic 
effects,  but  also  electrotype  deposits,  when  the  plates  were  more 
than  a  mile  apart,  and  he  found  that  the  battery  thus  formed  con- 
tinued to  work  for  a  great  length  of  time. 

Signor  Matteucci  made,  in  1 844,  niunerous  experiments  on  the 
conductibility  of  the  earth  for  the  electric  current  (Conipte^-Itendtis, 
June  3,  1844).  He  made  the  current  from  a  single  Bunsen's 
element  (99 ;  6)  circulate  in  a  copper  wire  9,281  feet  long,  and 
through  a  bed  of  earth  of  the  same  length ;  and  he  found  that  the 
diminution  which  occurred  in  the  intensity  of  the  current  to  be 
such  that  the  resistance  of  the  bed  of  earth  must  not  only  be  re- 
garded as  nothing,  but  that  further  the  resistance  of  the  copper 
wire  entering  into  the  mixed  circuit  must  be  considei'ed  as  less 
than  that  presented  by  the  same  wire  when  it  enters  alone  into 
the  circuit,  thus  confirming  the  previous  observations  of  Cooke 
and  Wheatstone.  Matteucci  regards  the  earth  as  all  other  con- 
ducting bodies,  its  great  volume  making  iq>  for  its  inferior  conduc- 
tibility, and  he  quotes  the  following  experiment  as  conclusive 
against  the  hypothesis  that  the  two  electric  charges  liberated  at 
the  extremities  of  the  pile  always  find  a  means  of  diffusing  them- 
selves into  the  earth,  which,  being  a  universal  reservoir,  succeeds 
in  neutralizing  their  charges  with  its  natural  fluid  decomposed  by 
the  free  end  of  the  pile  (Comptes-^endus,  January  11,  1846)  :-^ 

'  The  circait  of  a  pile  of  10  Bunsen's  elements  was  established  by  plunging 
the  two  poles  in  two  wells  160  metres  apart,  a  galvanometer  being  in  the 
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circuit  to  insure  the  passage  of  the  current.  In  this  interval  were  two  other 
wells,  almost  in  a  straight  line  with  the'  two  extreme  wells.  The  distance 
between  these  two  wells  was  30  metr^ ;  they  were  distant  from  the  two  ex- 
treme wells,  one  So  metres,  the  other  50.  The  extremities  of  a  good  long 
wire  galvanometer  were  plunged  into  the  two  intermediate  wells ;  the  cur- 
rent was  thus  passed  in  the  long  circuit,  when  a  deviation  of  35^^  or  ^cP  was 
instantly  obtained*  On  reversing  the  direction  of  the  current  in  the  long 
circuit,  that  of  the  derived  circuit  was  likewise  inverted.  This  is  precisely 
what  ought  to  be  the  case  if  we  admit  that  the  electric  current  is  transmitted 
in  the  ordinary  manner,  whilst  it  cannot  be  conceived  under  the  other 
hypothesis.* 

Some  striking  experiments  made  by  Breguet  on  the  telegrapli 
line  between  Paris  and  Rouen  show  the  improbability  of  the  earth 
acting  as  a  mere  conductor.  One  of  tbe  poles  of  the  Paris  battery 
was  soldered  to  a  large  metal  plate^  which  was  plunged  into  a  well ; 
the  other  pole  communicated  with  the  line  wire  to  Rouen,  and  was 
there  fastened  to  a  dmilar  metal  plate,  which  was  also  plunged 
into  a  weU;  the  circuit  was  thus  haK  earth  and  half  metal. 
Similar  arrangements  were  made  at  Rouen, 

Two  galvanometers,  in  every  respect  similar,  and  working  to- 
gether with  great  uniformity,  were  employed  to  measure  the  elec- 
tric forces  at  the  two  stations.  The  mean  of  28  experiments  showed 
that,  when  the  current  was  half  metal  and  half  earth,  the  intensity 
was  ttvice  as  ff9*eat  as  when  it  was  metallic  throughout,  that  is,  in 
a  circuit  of  4.0  miles  earth  and  40  miles  wire  presented  the  same 
resistance  as  a  circuit  of  40  miles  wire,  the  earth  in  fact  offering 
no  resistance  at  all.  The  intensity  at  Paris  of  the  current  trans- 
mitted through  a  copper  wire  to  Rouen,  and  from  Rouen  back  to 
Paris  through  the  earth,  was  56°  8'  j  that  of  a  current  sent  and 
returned  through  a  copper  wire  was  29^  i',  or  nearly  one-half.  At 
Rouen  the  lilean  relative  intensities  were  the  same,  being  35^  5' 
and  17°  8'. 

Moigno  and  Gauss  both  regarded  the  earth  as  a  reservoir  or 
drain,  in  which  the  positive  electricity  on  the  one  side  and  the 
negative  on  the  other  are  absorbed  and  lost. 

Thus  let  A  (Fig.  313)  represent  the  cell  of  a  voltaic  battery ;  p  and  v  be- 
ing its  two  poles  united  by  a  metallic  conductor.  According  to  the  theory 
of  Ampere,  the  electricity  set  free  at  the  positive  pole,  meeting  with  a  resist- 
ance in  the  conducting  wire,  decomposes  the  neutral  electricity  of  the  nearest 
molecule,  attracting  the  negative  and  repellihg  the  positive ;  the  positive 
fluid  of  the  first  attracts  the  negative  electricity  of  the  second,  and  repels  its 
positive ;  this  again  acts  on  the  neutral  electricity  of  the  third,  and  so  on, 
the  decomposition  proceeding  step  by  step,  the  positive  electricity  of  the  last 
molecule,  p,  being  neutralized  by  the  negative  electricity  emanating  from 
the  N  pole  of  the  battery. 

Immediately  succeeding  the  first  series  of  decompositions  is  a  second  series 
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of  recompositions ;  the  last  negative  molecule,  n,  beiog  separated  from  its 
associated  positive  molecule,  and  thus  becoming  free,  now  combines  with 
the  positive  molecule  which  precedes  it,  the  negative  molecule  of  which  com- 
bines with  the  positive  immediately  behind  it,  and  so  on,  step  by  step. 

Suppose  now  the  metallic  circuit  to  be  broken  between  two  free  molecules, 
+  p'  on  the  positive  side,  and  +  —  »'  on  the  negative,  and  that  a  communi- 
cation be  made  with  the  earth  through  the  metallic  plates  b  and  c.    The 

Fig.  31J. 


positive  molecule  will  be  brought  into  contact  with  an  enormous  reservoir, 
into  which  it  will  flow  without  meeting  with  any  resistance ;  it  will  not 
therefore  exercise  any  decomposing  action,  being  in  fact  simply  absorbed. 
The  preceding  negative  molecule,  being  again  set  free,  will  immediately 
combine  with  the  contiguous  positive  molecule,  and  the  same  thing  happens 
at  the  negative  end  of  the  battery.  A  double  series  of  decompositions  and 
recompositions  thus  take  place,  and  this  only  in  one-half  of  the  circuit ; 
the  resistance  is  consequently  reduced  one- half,  that  i^  the  intensity  of  the 
current  is  doubled. 

The  following  explanation  of  the  manner  in  which  the  earth 
acts  when  forming  part  of  a  circuit,  is  given  by  Gavarret  (7V/^- 
grapMe  Miectrique,  p.  35)  :— 

*  The  poles  of  a  battery  when  disconnected  have  equal  and  contrary  ten- 
sions. When  insulated  conductors  are  placed  in  contact  with  them,  they 
themselves  become  the  poles  of  the  battery,  which  furnishes  a  sufficient  cur- 
rent to  charge  them,  but  not  of  sufficient  duration  to  move  a  galvanometer 
needle. 

*  If  the  conductors  are  enlarged,  the  time  occupied  in  charging  them  will 
increase,  until,  aa  they  are  still  further  enlarged,  a  limit  will  be  reached  at 
which  the  flow  of  electricity  into  them  will  latt  long  enough  to  afiect  the 
galvanometer ;  and  when  the  conductors  become  infinitely  long  or  infinitely 
large,  the  time  occupied  in  charging  them  also  becomes  infinite,  or  in  other 
words,  the  current  will  pass  precisely  as  if  the  poles  were  connected. 

'  Thus  when  the  extremities  of  a  circuit  are  connected  to  the  earth,  which 
is  an  infinitely  large  conductor,  their  respective  tensions  are  difi^used'in  all 
directions  withoat  producing  any  appreciable  tension  in  the  earth  itself,  so 
that  the  current  will  continue  to  flow.' 
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The  earth,  though  offering  leas  resistance  to  the  circulation  of 
the  electrical  force  than  the  best  of  all  conductors,  acts  at  the  same 
time  as  the  most  perfect  insulator.     Of  this  the  following  striking 
illustration  is  given  by  Walker  (Electric  Telegraph  Man^ulatumy 
p.  35): — *  Ten  wires  enter  the  London  office,  each  going  to  one 
side  of  the  galvanometer ;  the  other  sides  of  the  galvanometer  are 
connected  respectively  by  ten  wires  with  a  long  strip  of  brass, 
which  brass  is  connected  with  the  waterpipes,  so  that,  in  point  of 
fact,  the  wires,  notwithstanding  all  our  cai'e  and  cost  to  keep  them 
insulated  from  each  other  throughout  their  course  along  the  rail- 
ways, are  actually  one  and  all  clustered  together  into  one  conmion 
bundle  as  soon  as  they  have  passed  the  galvanometer.    Notwith- 
standing this  oneness  of  the  wires,  provided  all  is  clear  along  the 
line,  a  current  can  be  sent  along  any  one  of  the  ten  without  any 
portion  being  distributed  among  the  other  nine.     Take  the  case  of 
two  wires  only  as  an  example.    They  are  united  and  joined  to  the 
earth  wire  before  they  enter  the  London  instrument.     They  are 
kept  carefully  apart  from  London  to  Dover,  but  after  passing  the 
Dover  instrument  they  are  again  united,  and  are  joined  to  the 
earth  wire,  so  that  they  form  a  continuous  loop ;  and  yet  the  cur- 
rent intended  for  one  wire  always  takes  the  earth  as  the  return  half 
of  the  circuit,  and  no  part  of  it  finds  its  way  into  the  companion 
wire.    But  if  by  any  accident  the  earth  wire  is  divided,  the  case 
is  widely  altered,  and  the  current  tells  its  own  tale  by  its  reverse 
action  on  the  galvanometer,  for  it  now  accepts  the  companion  wire, 
which  before  it  entirely  rejected.' 

(215)  Vnderffronnd  UTtres. — ^The  following  details  of  the 
system  of  underground  wires,  as  adopted  by  the  Magnetic  Tele- 
graph Company,  was  kindly  furnished  by  Mr;  Bright : — 

'  It  was  evident  that  the  integrity  of  the  insulating  coatings  of  gutta 
percha  coald  not  be  preserved  long  without  some  external  protection  through- 
out the  length  of  each  line,  as  the  mere  compression  of  the  soil,  gravel,  and 
stones,  would  at  once  have  injured  it,  and  in  opening  the  roads  for  repair 
they  would  experience  still  further  damage.  After  discussing  the  merits  of 
various  plans  of  protection,  it  was  finally  decided  that  the  wires  throughout 
towns  should  be  laid  in  cast-iron  piping  divided  longitudinally,  so  that  the 
wires  might  be  laid  in  quickly  without  the  tedious  and  injurious  operation 
of  drawing  them  through,  as  was  the  case  with  the  old  system  of  strfet 
work,  where  the  wires  were  laid  in  ordinary  gas  piping ;  and  that  along  the 
country  roads,  which  were  comparatively  little  liable  to  disturbance  from 
the  construction  of  sewers,  or  laying  of  gas  or  water  pipes,  the  wires  should 
be  laid  in  creosoted  wooden  troughs  of  about  %  inches  scantling,  cut  in  long 
lengths,  so  as  to  be  little  liable  to  disturbance  upon  any  partial  subsidence  of 
the  soil,  which  not  unfrequently  occurs  in  districts  where  mining  operations 
are  carried  on.  The  tops  of  the  troughs  are  generally  protected  by  fastening 
to  them  a  galvanized  iron  lid.' 
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A  section  of  one  of  the  troughs  is  shown  in  Fig.  324 ;  m  being  ' 
the  trough  j  n  the  galvanized  iron  lid ;  0  the  gutta-perchaed  wire; 
and^  a  lapping  of  tarred  yam.  The  trough  is  deposited  at  a  depth 
of  two  feet  from  the  surface  of  the  road.    The  iron  piping  used  in 
towns  is  about  2  J  inches  in  diameter.  ' 

The  lower  halves  are  first  laid,  socket  -pig^  j^. 

into  socket,  in  the  trench,  and  the 
-wires  are  then  rapidly  reeled  off,  and 
deposited  in  the  lower  halves  from  a 
drum  drawn  over  the  trench.  The 
upper  halves  are  then  laid  on,  and 
attached  to  the  already  laid  portions 
by  clamps  or  bolts  fastening  through 
ears  cast  in  the  sides  of  the  pipes. 

So  well  has  this  mode  succeeded 
that  in  Liverpool  the  whole  lengths 
of  the  streets  from  the  Tithebam 
railway  station  to  the  office  in  Ex- 
change Street  East  were  laid  in  a  single  night;  and  in  Man- 
chester, the  line  of  streets  from  the  railway  station  in  Salford  to 
Ducie  Street,  by  the  Manchester  Exchange,  in  twenty-two  hours. 

The  Magnetic  Telegraph  Company  have  adopted  the  under- 
groimd  system  to  a  great  extent.  In  1851,  they  laid  aline  between 
Liverpool  and  Manchester ;  they  afterwards  extended  the  system 
from  London  through  Birmingham  to  Manchester,  Liverpool,  and 
the  various  towns  in  the  Lancashire  districts,  northwards  to  Scot- 
land, with  a  submarine  cable  linking  up  undergroimd  wires  laid 
to  Belfast  and  Dublin. 

(216)  Tbe  Morse  Printiiiff  Telegrrapti. — This  instrument, 
-which,  slightly  modified  and  improved,  is  of  all  the  forms  of  tele- 
graphic apparatus  hitherto  invented  the  most  extensively  used, 
was  conceived  by  Professor  Morse  in  1832,  though  it  does  not 
appear  that  he  can  lay  claim  to  an  earlier  date  than  1837  for  its 
actual  construction  (Moigno,  TeUgi'aphie  JElectrique),  The  original 
contrivance  included  a  pen  at  one  end  of  a  wire,  which,  as  contact 
was  made  and  broken,  produced  an  arbitrary  alphabet  of  dots  and 
strokes  which  might  represent  definite  characters. 

On  a  wooden  platform,  a  b  (Fig.  325),  is  fixed  a  vertical  support,  c,  to 
which  is  screwed  an  electro-magnet,  e  f  ;  on  the  upper  part  of  the  vertical 
support  is  a  metallic  band,  o  o,  the  sides  of  which  are  pierced  horizontally  to 
carry  two  screws  tipped  with  sharp  and  tempered  steel  points,  between  which 
the  lever  l  moves  with  as  little  friction  as  possible.'  In  one  of  the  extremi- 
ties  D  of  the  lever  is  soldered  the  armature  of  the  electro^magnet ;  the  other 
end  carries  one  or  more  steel  points,  which  fit  corresponding  holes  in  a 
steel  cylinder,  under  which  a  sheet  of  paper  to  receive  the  transmitted 
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messa^  passes,  being  unwound  regnlarl^  by  clockwork.  The  galvanic  cur* 
rent  being  established,  the  armature  of  the  electro-magnet  is  attracted,  and 
at  the  same  moment  the  points  at  the  opposite  end  of  the  lever  come  into 
contact  with  the  cylinder,  and  make  marks  on  the  paper  of  greater  or  less 
length,  according  to  the  interval  of  time  elapsing  between  the  making  and 

Pig.  ns- 


breaking  of  the  circuit  To  secure  the  rapidity  and  certainty  of  the  con- 
tacts, a  metallic  plate,  j  j,  is  fixed  across  the  band  o  6,  carrying  two  screws, 
the  extremities  of  which  serve  to  regulate  the  motion  of  the  lever,  and  to 
keep  it  within  certain  narrow  limits,  just  sufficient  to  secure  exactness  and 
regularity.  The  paper  is  in  one  continuous  length,  and  is  wound  tightly 
round  a  wooden  cylinder,  from  which  it  is  afterwards  cut  into  convenient 
lengths. 

The  operation  of  the  instrument  is  as  follows : — Motion  is  given  to  the 
drum  or  barrel  b  (Fig.  326)  in  the  direction  of  the  arrow  by  a  weight  at- 
tached to  a  cord    acting   on 
■p.      ^  wheelwork  within ;  the  motion 

is  communicated  through  a 
series  of  intermediate  wheels  to 
the  cylinder  e,  between  which 
and  the  cylinder  f  the  paper 
passes ;  f  is  kept  in  dose  con- 
tact with  B  by  means  of  a 
spring ;  s  is  the  steel  cylinder 
underneath  which  the  paper 
passes,  and  r  is  one  of  the  steel 
points  attached  to  the  lever  l 
(Fig.  315) ;  the  pulley  q  re- 
ceives motion  in  the  direction 
of  the  arrow  from  the  pulley  r 
in  the  centre,  of  the  barrel  b. 
It  carries  on  its  axis  a  hori- 
zontal arm,  h,  which  is  immediately  under  the  lever;  it  is  bent  at  d  so  as 
to  come  into  contact  with  the  wooden  friction -wheel  c  at  the  point  p.    This 
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firiction-wheel  is  fixed  under  the  last  screw  of  the  machine,  and  below  the 
lever.  From  the  lever  l  proceeds  a  strip  of  metal,  a,  which  traverses  the 
arm  h  ;  a  screw  and  nut,  i,  placed  at  the  extremity  of  the  rod  serving  to 
lengthen  or  shorten  it.  It  most  act  freely  at  its  point  of  junction  with  the 
lever,  as  well  as  at  its  point  of  junction  with  the  screw  h  ;  it  also  works  a 
hammer,  which,  striking  a  bell  below  the  platform  of  the  apparatus,  warns 
the  operator  when  a  signal  is  about  to  be  transmitted. 

Now  as  long  as  the  bent  arm  h  d  is  in  contact  with  the  friction-wheel, 
the  whole  machine  is  at  rest ;  but  when  hy  the  action  of  the  electro-magnet 
on  the  lever  the  rod  a  is  raised,  the  weight  being  no  longer  restrained,  gives 
naotion  to  the  barrel  b,  and  the  apparatus  is  put  in  action,  but  is  again 
stopped  the  instant  the  bent  arm  touches  the  friction-wheel.  In  this  way 
the  operator,  both  near  and  at  a  distance,  has  perfect  control  over  the  in- 
strumenL 

The  apparatus  or  key  for  opening  and. shutting  the  circuit  is  shown  in 
Fig.  317.    K  is  a  brass  le^er,  having  at  the  extremity  of  the  longer  arm  a 


Pig.  J17. 


button,  p,  of  insulating  material,  and  at  the  other  a  screw,  v,  which  passes 
through  the  lever,  and  the  point  of  which  cari  be  adjusted  to  any  degree  of 
projection.  A  steel  point,  t,  is  attached  beneath  the  longer  arm  of  the  lever, 
and  two  contact  pieces  of  brass,  a  and  5,  are  fixed  beneath  these  points. 
A  small  spring,  r,  serves  to  keep  the  lever  in  its  normal  position,  v  being  in 
contact  with  a,  and  t  separated  from  b.  The  lever  is  in  connection  with  the 
line  wire  through  the  fulcrum  s  and  the  binding  screw  c ;  6  is  in  connection 
with  the  positive  pole  of  the  battery  through  b  ;  and  a  is  in  connection  with 
the  instrument  through  a.  When  v  and  a  are  in  contact,  a  current  coming 
from  the  distant  station  passes  from  v  to  a  and  to  the  earth  through  the 
instrument.  When  the  button  p  is  depressed,  a  positive  current  is  trans- 
mitted on  the  line  to  the  distant  station,  and  a  series  of  currents  of  different 
duration,  and  at  various  intervals,  can  thus  be  transmitted,  producing  corre- 
sponding signs  on  the  receptor  of  the  distant  instrument,  but  which  do  not 
pass  through  his  own  instrument. 

The  alphabet  used  wdth  this  telegraph  was  constructed  by  vari- 
ous combinations  of  lines  and  dots  in  the  following  manner : — 
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A  B  C  D  E  F  G 

HI  J  K  L  M  N  O 


p 

Q 

R 

S          T 

U 

_ 

•  — .» 

..'—..            .'..  • 

•  ••• 

vv 

X 

Y                 Z 

Numerals. 

&c. 

Suppose  now  a  message  was  to  be  transmitted  from  one  station 
to  another,  sav  from  Baltimore  to  Washington,  the  key  of  the  first 
operator  is  at  Baltimore  and  his  register  at  Washington ;  tlie  key 
of  the  second  operator,  on  the  other  hand,  is  at  Washington  and 
his  register  at  Baltimore.  Each  has  perfect  control  over  his  own 
apparatus,  and  sets  his  paper  to  receive  his  correspondent's  message. 
The  Baltimore  correspondent  commences  his  communications,  and 
however  rapidly  he  establishes  the  contacts  with  his  key,  the  elec- 
tro-magnet at  Washington  becomes  excited,  its  armature  attracted, 
the  whole  machinery  brought  into  full  operation,  and  the  conmiu- 
nication  stamped  on  the  paper  in  accordance  with  the  above  alpha- 
betical characters. 

The  Morse  code  is  framed  on  the  combination  of  a  long  and  a 
short  current  of  the  same  kind,  separated  by  intervals  of  three 
diflferent  lengths;  the  shortest  used  between  each  current,  the 
next  between  each  group  representing  a  letter,  and  the  longest  be- 
tween each  series  of  letters  representing  a  word.  Reverse  currents 
are  now  frequently  used  to  produce  these  intervals,  and  an  alphabet 
is  formed  of  groups  of  positive  and  negative  dots.  A  Morse 
code  common  to  all  usual  languages  is  now  almost  imiversally 
adapted. 

The  shortest  code,  as  compared  with  the  number  of  reversals 
required,  is  probably  that  exhibited  by  T.  Allen  at  the  Exhibition 
of  1862  (Jurors'  Iteport),  Every  letter  is  composed  of  a  group  of 
perfectly  similar  dots,  separated  by  three  sets  of  intervals,  as  in 
the  other  codes,  and  the  apparatus  is  so  arranged  as  to  print  a  dot 
at  each  change  of  current,  whether  from  positive  to  negative  or 
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from  negative  to  positive;  while  the  maintenance  of  either: cur- 
rent, or  the  complete  interruption  of  all  current,  indifferently  pro-? 
duces  the  intervals. 

An  ordinary  sensitive  galvanometer  may  be  made  subservient  to 
the  transmission  of  the  dot  and  dash  signals.  A  hoiizontal  needle 
being  placed  so  that  its  north  pole  is  directed  towards  the  magnetic 
pole  of  the  earth  may  have  two  ivory  stops  arranged  so  as  to  limit 
its  movements  to  slight  deflections  on  either  side.  Then  a  wire  in 
continuation  of  the  transmitting  conducting  wire  issuing  from  the 
signal  battery  being  wound  about  it  in  the  form  of  a  coil,  thet 
needle  of  the  galvanometer  will  be  deflected  whenever  a  current  is 
sent  through  the  wire  and  coil.  If  the  current  which  is  passed  be 
but  an  instantaneous  one,  the  needle  will  strike  the  ivory  stop  for 
an  instant  only.  If  the  current  be  protracted  for  a  sensible  time^ 
the  needle  will  hug  the  ivory  stud  for  a  sensible  time.  The  in* 
stantaneous  touch  of  the  needle  and  the  stop  may  be  taken  to 
signify  ^  dot^^  and  the  prolonged  contact  to  mean  '  dash,^  and  words 
may  be  spelt  out  by  the  common  dot  and  dash  alphabet. 

The  surprising  sensitiveness  of  this  simple  arrangement  is  de-^ 
monstrated  by  the  following  experiments  {The  Atlantic  Telegraphy 
a  Descrijptive  Accawtt,  &c,f  li $7)  : — 

*  One  of  the  horizontal  galvanometers  in  common  use  as  a  testing  instrn- 
ment  was  placed  on  a  table,  and  the  needle  allowed  to  assume  its  position  of 
magnetic  polarity  and  rest  A  battery  was  then  formed  of  two  little  plates, 
silver  and  zinc,  each  about  three-tenths  of  an  inch  long  and  two-tenths 
of  an  inch  wide.  These  were  fixed  in  a  transverse  support,  so  that  there 
was  just  space  for  a  drop  of  liquid  to  hang  suspended  by  its  own  adhesion 
between  them. .  This  battery  was  then  charged  by  insinuating  a  drop  of  aci» 
dulat^d  water  betwe^  the  plates ;  the  zinc  plate  was  connected  to  the  earth 
by  a  wire,  and  the  silver  plate  was  connected  with  one  thousartd  continuous 
ndU$  of  the  Atlantic  cable  (not  immersed),  which  transmitted  its  current 
through  the  galvanometer  to  the  earth  at  the  farther  end. 

<  When  contact  was  made,  and  the  current  of  this  almost  infinitesimal 
battery  was  transmitted  through  the  cable  to  the  galvanometer,  clear  and 
bold  4eflections  of  the  needle  were  almost  instantly  made ;  and  it  was  found 
that  these  deflections  could  be  most  readily  caused  to  signal  the  dot  and 
dash  characters.  The  beat  of  a  seconds  pendulum  was  counted  while  the 
signalling  was  in  progress,  and  it  appeared  that  this  very  weak  current  re- 
quired something  under  Arte  aecondt  for  its  transmission  through  the  thou- 
sand miles  of  cable,' 

(217)  Belays.— These  are  instruments  designed  to  re-transmit 
signals  into  a  fresh  circuit  from  a  local  battery.  In  the  original 
form  of  the  Morse  instruments,  considerable  force  is  required  ^ 
enaboss  the  signals  on  the  paper,  and  the  currents  received  at  the 
station  from  long  distances  were  found  not  of  sufficient  power  to 
produce:  the -required  effects    Relays  are  of  varioua  forms |  for 
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rough  work,  an  instrument  of  the  simplest  construction  is  used  io 
France.  A  soft  iron  hollow  cylindrical  armature  on  one  end  of  a 
rocking  lever  is  attracted  downwards  by  the  two  poles  of  an  upright 
horseshoe  electro-magnet  during  the  passage  of  a  current.  An 
antagonistic  spiral  spring  lifts  the  armature  again  when  the  current 
ceases.  This  spring  can  be  adjusted  by  a  screw.  The  contacts 
required  are  on  the  rocking  lever.  A  good  relay  should  possess 
the  following  properties  (Jury  JReport  on  Electrical  Ihgtrumenis, 
International  ExkSbition,  1862)  : — ^It  should  be  easily  adjusted,  so 
as  to  work  with  any  required  strength  of  positive  or  negative  cur- 
rent. It  should*  work  freely  under  the  influence  of  an  extremely 
small  rise  and  fall  of  current  above  and  below  the  strength  of  cur- 
rent to  whi^h  it  is  set,  and  when  once  adjusted  to  a  given  strength; 
it  should  be  constant,  that  is  to  say,  should  always  work  with  the 
same  rise  and  fall  above  and  below  the  strength  to  which  it  is  set. 
The  moving  parts  should  be  very  light,  and  traverse  the  shortest 
possible  space  in  order  to  allow  rapid  work  under  the  influence  of 
small  forces.  Finally,  the  contacts  should  be  so  arranged  as  to  be 
easily  adjusted  and  cleaned. 

The  condition  of  constancy  in  a  relay  is  extremely  difficult  to 
fulfil  when  electro* magnets  are  used,  in  consequence  of  the  resi- 
dual magnetism  of  the  soft  iron  cores.  A  negative  signal  occurring 
after  a  series  of  positive  currents,  or  after  a  long  positive  current, 
does  not  produce  the  same  eflect  on  the  soft  iron  as  a  negative 
signal  occurring  after  a  series  of  negative  currents,  or  after  a  long 
negative  current,  and  neither  eflect  will  be  the  same  as  that  pro- 
di^ced  by  the  first  few  currents  received  after  the  soft  iron  has 
been  for  some  time  free  from  all  electric  influence.  This  difliculty 
has  led  to  the  adoption  of  galvanometer  relays,  in  which  the  con- 
tacts are  produced  simply  by  the  deflection  of  a  hard  steel  mag- 
netized needle  under  the  influence  of  a  coil  or  coils  of  wire,  with- 
out the  use  of  any  soft  iron  whatever,  provided  the  currents  are 
not  too  strong,  their  only  sensible  eflect  is  to  produce  an  alteration  * 
in  the  position  of  the  needle,  and  equal  effects  are  therefore  always 
produced  by  equal  currents.  Mercury  contacts,  the  invention  of 
Sir  Charles  Bright,  are  used  in  relays  by  the  British  and  Irish 
Magnetic  Telegraph*  Company,  the  oxidation  of  the  mercury  being 
prevented  by  maldng  the  contacts  in  a  fine  stream  of  mercury  con- 
stantly in  motion. 

In  another  form  of  relay,  also  the  invention  of  Sir  C.  Bright, 
which  has  been~  used  by  the  same  company  for  many  years,  posi- 
tive and  negative  currents  are  re-transmitted  into  the  second  cir- 
cuit in  the  order  in  which  positive  and  negative  signals  are 
received.    In  this  instrument  two  armatures  are  worked  from  the 
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Opposite  poles  of  two  straight  electro-magnets.  One  armature  is 
set  so  as  to  work  with  positive  signals,  and  used  to  connect  the 
positive  pole  of  a  battery  with  the  second  circuity  the  other  set  so 
as  to  work  with  negative  signals,  and  used  to  connect  the  negative 
pole  of  a  battery  with  the  second  circuit ;  the  two  straight  electro- 
magnets stand  side  by  side,  and  the  two  steel  magnetized  armatures 
are  placed  at  the  opposite  ends  of  the  pair  centred  on  an  axis  be- 
tween two  poles. 

A  view  of  a  complete  Morse  instrument,  with  the  relay  which 
has  been  extensively  used  throughout  Europe^  is  given  in  Fig. 

E  is  an  dectro-nuignet  wound  with  a  great  length  of  fine  wire,  liaving  a 
resistance  ordinarily  of  about  120  miles;  a  metallic  support  h  carries  a  lever 
i>,  to  one  end  of  which  is  attached  a  soft  iron  armature  a'  in  the  form  of  a 
split  tube,  with  the  view  of  getting  rid  of  residual  magnetism  as  far  as  pos- 
sible from  the  part  which  approaches  the  electro-magnet;  the  other  end  of 
the  lever  works  between  the  points  of  the  two  screws  f  and  p^ ;  ^  is  insu- 
lated and  supported  by  the  hollow  pillar  o' ;  /  is  connected  with  a  rod  of 
metal  inside  this  pillar,  and  insulated  from  it.  A  spiral  spriiifi:  /  is  adjusted 
so  as  to  draw  d  away  from/  when  in  a  state  of  repose,  and/'  is  so  adjusted 
that  when  the  armature  a'  is  aMncted  by  the  elect/o- magnet,  they  cannot 
touch  one  another,  being  prevented  by  the  contact  between  f  and  d'  ;  d'  is 
in  connection  with  the  zinc  of  the  local  battery  through  h  and  z ;  /  is  in 
connection  through  f\  and  e  with  one  end  of  the  coil  of  the  electro-magnet 
JE,  which  works  the  apparatus.  The  copper  pole  of  the  local  battery  is  in 
connection  with  the  other  end  of  the  coil  of  e  through  e  and  d. 

The  current  from  the  distant  station  arrives  at  l,  passes  to  e,  and  through 
the  coils  of  the  relay  magpiet  to  </,  and  so  to  th^  earth  through  t  ;  b'  become i 
magnetic,  attracts  a'  and  makes  contact  between  d'  and/*,  thus  completing 
the  circuit  of  the  local  battery  through  the  electro-magnet  a.  The  electro- 
magnet E  has  an  armature  a  which  is  attached  to  a  lever  d,  adjusted  in  the 
same  manner  as  d'^  by  two  screws/ and  p,  insulated  from  one  another,  and 
a  spiral  spring  r;  the  other  extremity  of  d  carries  a  screw  point  v  placed 
opposite  to  a  groove  in  the  barrel  6,  and  adjusted  so  as  to  be  in  contact  with 
it  when  e  attracts  A.  A  ribbon  of  paper,  about  half  an  inch  wide,  is  coiled 
on  the  dram  a,  passed  through  the  guide  m,  under  the  spindle  o,  and  be- 
tween the  two  rollers  h  and  a,  which  grip  the  paper  between  them  and  draw 
it  through  at  an  uniform  rate  as  a  rotates  by  the  action  of  clockwork  inside 
the  metal  ease  b.  The  clockwork  is  set  in  motion  or  stopped  by  moving 
the  lever  k  to  the  right  or  left 

To  receive  a  message,  the  clockwork  is  set  in  motion,  and  as  each  pulsa- 
tion of  atectricity  which  arrives  from  the  distant  station  communicates 
magaetifm  to  e,  through  the  means  of  the  relay  and  Ipcal  battery,  it  attracts 
A  with  ofMDsiderable  force*  and  presses  the  point  of  v  into  contact  with  the 
paper  ribbon  as  it  is  drawn  through  the  rollers,  and  according  as  the  dura- 
tion of  the  current  of  electricity  is  longer  or  shorter,  a  longer  or  shorter 
mark  is  embossed  on  the  paper. .  The  moment  the  current  ceases*  the  spring 
r  draws  the  point  away  again  from  the  paper. 
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Fig.  3Z8. 
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^  IbsteJEul  of -embossing  the  sisals  on  the  ritibon  of  l^pst  Mf 
mechanical  pressure,  the  paper  may  be  saturated  with  a  solution 
of  ferrocyanide  of  potassium,  and  caused  to  pass  over  a  brass, 
wheel  in  connection  with  the  positive  pole  of i  the  local  battery,. 
the  negative  pole  being  connected  with  an  iron  point,  which  is» 
kept  in  contact  with  the  paper  by  a  spring*  A  chemical  decom- 
position is  thus  produced  by  every  current  which  passes,  Pnissian' 
hbiiB  being  the  result,  in  which  colours  "the  signals  are  printed. 
This  method  was  suggested  by  Mr.  Bain: 

(218)  Modifloatioii  df  tbci^Mortt*  Snstmnient  hj  Biemienu' 
ftna  Balske»^^The  signals,  instead  of  being  embossed  on  the  paper 

cT       ;  ''.:■■!  ■     .  ■    .  .'        .     .         /      ■  '       .  ' 

"     '  .  Fig.  ji^l     "  '■''.■/ 


by  pressure,  aref  printed  in  ordinary  printer's  ink.  The  mechanism 
by  which  this  is  effected  is  shown  in  Fig.  329,  which  represents 
the  recording  part  of  the  instrument,  the  remainder  being  identical 
with  Fig.  328. 

n  IS  a  small  wheel  which  revolves  on  its  axis  at  an  uniform  rate  by  the 
action  of  the  same  clockwork  which  unwinds  the  ribbon  of  paper;  t  is  ah  ink 
poUer,  by  which  the  ed^e  of  n  is  kept  constantly  supplied  With  ink.  L  is  the 
9»en  lever,  which  is  made  very  light,  and  carries  at  its  extremity  a  small 
p;;<(|ection  p,  on  which  the  paper  is  supported  as  it  is  wound  ofif  the  rjeei. 
TJie  height  of />  is  so  regulated  by  the  udJusting-8ci;ew/>,  that  the  p9p.er 
passes  just  below  n  without  touching  it.  .    \  ..  ■■ 

'  When  a  current  of  dectricity  circulates  tlirdUgh  thef  electro-ma^Ki^t,  tt 
«tthiets  the-  anriatiir^  moves  the  levei'  i^  and  raises  the  ribbonf  i?']iiiip^ 
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which  rests  on  p  until  it  touches  the  edge  of  n,  whep  either  a  dof  or  a  daik 
is  printed,  according  to  tlie  duration  of  the  current 

The  amount  of  work  to  be  done  by  the  electro- magnet  in  this  arrangement 
is  very  small ;  it  has  only  to  lift  an  inch  or  two  in  length  of  the  ribbon  of 
paper  through  the  distsnce  of  about  one-twentieth  of  an  inch,  consequently 
the  current  arriving  by  the  line  wire  from  a  distant  s  ation  has  sufficient 
force  to  work  the  apparatus,  and  the  relay  and  local  battery  can  be  dispensed 
with. 

Several  other  forms  of  receiving  instrumpiits  were  shown  at  the 
International  Exhibition  of  1862.  A  very  cheap  apparatus,  exten- 
sively used  in  Switzerl«nd  and  Italy,  and  which  is  said  to  work  a 
very  long  time  without  requiring  to  be  cleaned  or  repaired,  was 
exhibited  by  M.  Hipp.  All  the  working  parts  are  protected  by  a 
glass  case,  and  the  paper  roll,  the  adjustment,  the  stopping  and 
starting  handle,  the  guide,  &c.,  are  conveniently  placed. 

In  the  usual  form  of  the  Morse  receiver,  the  paper  must  be  started 
when  a  call  is  heard,  and  stopped  when  the  message  ends.  An  ap- 
paratus in  which  these  functions  are  performed  by  the  instrument 
itself,  was  shown  by  T.  Sortais.  Several  improvements  on  the 
original  method  of  supplying  the  printing  ink  were  idso  exhibited. 
Thus,  instead  of  a  moistened  felt  roller,  Siemens,  Halske,  and  Co. 
cause  the  disc  to  be  half  immersed  in  a  trough  of  ink,  which  is  kept 
at  a  constant  level  by  tilting  more  or  less  a  large  receiver.  The  disc, 
as  it  revolves  in  the  trough,  is  always  equally  wet,  and  the  refilling 
of  the  reservoir  need  not  cause  either  dirt  or  delay.  K  Tyer  sup- 
plies the  ink  to  a  little  nipple  on  a  tube  over  the  paper  from  a 
reservoir  above  it,  flowing  through  the  tube  past  the  nipple,  and 
down  into  a  second  reservoir;  the  paper  is  marked  when  pressed 
up  against  this  nipple,  but  the  hole  in  the  latter  is  too  small  to  let 
ink  run  out  except  when  the  paper  is  pressed  against,  it.  In 
another  arrangement  by  the  same  exhibitor,  the  disc,  is  supplied 
with  ink  from  a  saturated  cloth  which  never  leaves  the  disc,  and 
therefore  keeps  it  always  moist. 

(219)  Tbe  '  Bouse  *  Type-printlBff  Tetofrtopli. — ^This  instru- 
ment, which  is  used  to  some  extent  in  America,  is  based  upon 
the  step-by-fitep  motion,  the  number  of  waves  sent  determining 
the  letter  to  be  printed.  The  type  is.  made  to  revolve  by  means 
of  a  treadle,  but  is  checked  at  each  letter  by  an  escapement  which 
only  allows  it  to  move  one  letter  at  a  time.  This  escapement  is 
moved  by  the  flow  of  compressed  air  upon  alternate  heads  of  a 
plunger.  The  passage  of  air  is  governed  by  a  valve  attached  to 
the  armature  of  the  axial  electro-magnet,  each  wave  of  the  voltaic 
current  causing  an  action  of  the  magnet,  and  consequently  of  the 
plunger  and  escapement  by  the  air  force  Compressed  air  is  used 
to  get  greater  power  on  ^e  escapement,  as  the  electric  curient 
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would  be  too  weak  to  move  ity  while  sufficient  to  more  the  annf^- 
tures  and  valve.  In  the  transmission  of  a  message  the  operator 
sending  it  checks  a  circuit  breaker  at  a  certain  number  of  waves, 
and  this  stops  the  type  wheel  of  the  distant  instruments  by  means 
of  the  escapement^  and  as  soon  as  stopped  a  press  is  unlocked  which 
imprints  the  letter.  This  unlocking  of  the  press  is  very  ingenious, 
its  action  depending  on  the  motion  of  the  type  wheel.  The  main 
constituents  of  this  instrument  are  the  transmitting  apparatus,  a 
compound  axial  magnet,  and  a  manual  power  by  which  ^e  instru- 
ments are  kept  in  motion. 

House's  telegraph  is  more  rapid  than  that  of  Morse,  printing 
accurately  twelve  to  fifteen  hundred  words  an  hour  in  ordinary 
working,  and  it  is  therefore  approved  upon  lines  that  have  a  great 
amount  of  business ;  it  is,  however,  more  complicated  than  Morse's 
instrument,  and  requires  an  immense  battery  power  to  work  it,  so 
much  so,  that  it  is  not  practicable  upon  the  best  air  or  overground 
lines  for  circuits  of  more  than  1 50  miles,  while  upon  underground 
or  submarine  wires,  it  is  said  (Hyde,  Joum,  Soc.  Arts,  April  1 5, 
1859),  ^^^  ^^  cannot  be  worked  fifty  miles. 

(220)  Bttirlids-s  Type-prlntlBir  Telefrapb. — In  this  instru- 
ment each  letter  of  a  message  is  recorded  by  a  single  wave  upon 
one  wire.  To  accomplish  this,  several  requisites  are  necessary  : — 
I.  Synchronous  motion ;  2.  An  electro-magnet  by  which  the  timing 
of  the  electrical  wave  may  be  accurately  measured ;  3.  A  writing- 
apparatus,  by  which  the  message  may  be  correctly,  rapidly,  and 
easily  transmitted }  4.  A  printing  apparatus,  by  which  the  operator 
dan  record  the  message  unerringly  upon  his  own  instrument,  as 
well  as  upon  the  one  at  the  distant  station.  The  instrument  is 
governed  by  a  vibrating  spring.  It  is  a  well-known  law  that  a 
certain  number  of  vibrations  produces  a  certain  musical  tone; 
therefore,  if  two  or  more  springs  have  the  same  tone,  they  must 
necessarily  have  the  same  number  of  vibrations  in  the  same  time. 
The  instruments  are  kept  in  motion  by  a  weight  acting  upon  a 
train  of  wheels,  the  spring  governor  acting  upon  them  by  means 
of  an  ordinary  escapement.  These  vibrations  may  succeed  each 
other  with  any  degree  of  rapidity  required.  They  are  regulated 
by  a  small  weight  attached  to  a  spring,  and  raised  or  lowered  imtil 
the  number  of  vibrations  or  the  desired  tone  is  produced. 

The  working  parts  of  this  instrument,  which  is  one  of  the  most 
perfect  printing  telegraphs  that  has  been  invented,  is  shown  in 
Fig.  830,*  where  A  is  the  keyboard ;  b  the  vibrating  springy  c  the 

*  Journal  of  the  Society  of  Arts^  April  15,  1859,  PApc  hy  Mr.  Hyde,  from 
which  also  the  above  description  of  this  telegraph  has  been  extracted. 
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ele^^k^magnef;  t  the  detent ;  E  the  type  wheel;  J, the  ink  roller; 
©the  pap^r  printed  upon;  H  the  revolving  shaft;  i  the  revolving 
arm  or  circuit  closer. 

Fig.  J30. 


(a)  The  Magnet — This  is  of  peculiar  construction.  A  permanent  magnet 
polarizes  the  cores  of  an  electro-magnet,  and  holds  the  armature  in  contact 
with  its  poles.  A  spring  is  attached  to  this  armature,  and. so  adjusted  as  to 
exert  a  counteracting  power  a  little  weaker  than  the  force  of  magnetic 
attraction.  If,  therefore,  the  magnetic  force  be  diminished,  the  armature  is 
removed  from  the  poles  of  the  magnet  b}'  the  force  of  the  spring.  The  ar> 
rangement  is  such  that  the  current  of  electricity  passing  through  the  coil 
when  the  circuit  is  completed,  induces  an  opposite  magnetism  to  that  of  the 
permanent  magnet.  The  electrical  force,  therefore,  which  works  this  instru- 
ment need  not  be  sufficient  to  induce  such  a  degree  cf  magnetism  as  to 
render  the  core  sufficiently  magnetic  to  attract  an  armature  to  its  poles— 
th«  practice  in  all  other  recording  telegraphs.  For  instance,  if  the  cores  of 
the,  electro-magnet,  polarized  by  the  permanent  magnet,  have  a  holding 
force  on  the  armature  of  ten,  and  the  spring  attached  to  the  armature  be 
adjusted  with  an  opposing  force  of  nine,  then  a  current  of  one  reducing  the 
force  of  the  electro- magnet  would  cause  the  spring  to  rise  with  a  force  of  nine. 
I'his  arrangement  can  in  practice  be  so  nicely  adjusted,  as  to  work  with  a 
very  feeble  current,  and  accurately  measure  the  timing  of  the  electrical  wave. 
The  armature  being  mechanically  restored  to  contact  with  the  poles,  has 
the  adva;ntage  of  being  acted  upon  by  the  maximum  power  of  the  electro- 
naagnet,  instead  of  a  power  lessened  by  more  than  the  square  of  the  distance 
tne  armature  has  to  be  attracted,  as  is  the  case  with  the  relay  magnets  used 
iii  cotanection  with  the  Morse  and  other  systems. ' 

(6)  The  Transmitting  ApparcUus.— The  letters  of  the  alphabet,  as  well  as 
a  dot  and  a  blank,  are  marked  on  twent^'-eight  keys,  arranged  like  those  of 
a  piano^.save  that  they  are  alternately  black  and.  jvhlte,    Th^s^  keys  cpr- 
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respond  to  twenty^eight  holes  arranged  in  a  circle  on  the  horizontal  floor  or 
tiible  of  the  instrument^  immediately  in  front  of  the  keys.  Each  key  is  con- 
nected by  a  lever  with  -a  little  steel  knob,  which,  when  the  key  is  pressed 
down  by  the  finger,  rises  np  through  one  of  the  holes..  Ifa  key  marked 
with  a  particular  letter  be  touched,  the  knob  corresponding  with  this  letter 
rises,  the  revolving  arm  passes  over  it,  and  for  the  instant  closes  the  circuit,, 
and  allows  an  electrical  impulse  to  be  transmitted.  This  impulse,  by  arrange- 
nients  presently  to,  be  described,  causes  the  particular  letter  to  be  recorded 
oVi'^a  slip  of  paper  in  printer's  ink.  The  instant  the  arm  passes  over  the 
little  raised  knob  the  circuit  is  broken,  and  if  the  finger  wer6  held  the 
hundredth  part  of  a  minute  on  the  key,  the  hand  would  pass  again  over  tbd 
knob  and  the  letter  would  be  repeated.  To  prevent  this,  the  hand  carries 
after  the  portion  of  it  "which  rides  over  the  knob  and  completes  the  metallic 
contact  which  closes  the  electrical  circuit,  a  little  inclined  plane,  which 
tbrows  the  knob  out  of  its  position,  so  that  the  hand  cannot  pass  over  it  on  any 
future  revolution  after  the  first  contact.  This  arrangement  is  rendered 
necessary  to  prevent  the  repetition  of  letters,  on  account  of  the  extreme 
rapidity  of  the  revolving  arm  and  recording  apparatus. 

(c)  The  Printing  Appcaratut. — A  shaft  which  revolves  seven  times  faster 
than  the  type  wheel,  has  a  flywheel  upon  it  to  overcome  the  iiiertia  of  a 
small  shaft  which  moves  the  printing  press.  This  shaft  is  locked  to  the  fly- 
wheel shaft  by  means  of  a  clutch  which  rests  upon  a  small  inclined  plane. 
Whenever  this  clutch  is  kept  upon  the  inclined  plane,  by  means  of  a  detent,' 
the  flywheel  shaft  revolves  independently  of  the  small  printing  shaft ;  but 
as  soon  as  the  detent  is  moved  by  the  action  of  the  armature  of  the  electro- 
magnet, the,  clutch  locks  both  shafts  together,  and  the  small  shaft  is  made 
to  revolve  one  revolution,  when  the  clutch  again  rests  upon  the  inclined 
plane,  which  lifts  it  off  the  flywheel  shaft.  A  cam  is  attached  to  one  end  of 
this  shaft  which  lifts  the  press  and  the  paper  upon  which  the  message  is  to. 
be  printed  against  the  type  wheel.  The  time  of  the  locking  of  the  shafts 
depends  upon  the  arrival  of  the  electrical  wave,  and  thus,  with  two  instru- 
ments in  perfect  harmony,  the  operator  has  the  printing  apparatus  of  the 
distant  instrument  as  completely  under  his  4irection  as  the  one  before  him. 
-  But  to  correct  any  minute  variation  in  time  between  the  instriiments  in 
circuit,  there  is  a  corrector  or  wheel  attached  to  this  shaft  with  hook-shaped 
teeth,  which  mesh  into  corresponding  cavities  in  the  type  wheel.  The  latter 
being  loose  upon  the  shaft,  or  only  held  by  friction,  is  removed  backwards  or 
forwards  by  the  corrector  to  exactly  the  same  position  as  the  type  wheel  on 
the  instrument  from  which  the  message  is  being  sent.  This  correction  takes 
place  in  the  act  of  printing  every  letter.  There  is  also  upon  this  shaft  A 
^am  so  arranged  that  thft  moment  the  armature  falls  off  the  electro-magnet 
and  opens  the  detent,  it  forces  the  detent  up  and  restores  the  armature  to  its 
original  position  upon  the  poles  of  the  magnet. 

Another  feature  in  the  instrumtot  is  its  pow^r  of  cutting  off  at  will  all 
offices  except  the  one  to  which  it  is  desired  to  communicate.  This  is  accom- 
plished by  a  flange  on  the  type  wheel^this  flange  having  a  space  cut  Out 
opposite  a  certain  letter,  and  each  Office  having  the  flange  cut  out  at  different 
lietters  fh>m  each  other^  4  bolt  is  made  to  slide  through  the  space,  and 
moved  through  by  the  action  of  the  instrument*  If  this  bolt  is  sent  through: 
at.  the  moment  when  the  space  is  opposite,  it  permits  the  instrument  to  run, 
if  not,  it  goes  against  the  ^ange  and  locks  the  type  wheel.  ■     ..  [       , 
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The  openit4Nr  kaowiofc  at  what  letter  a  certain  inttrument  will  be  unlocked* 
touches  that*  key ;  this  allows  the  instmment  he  wishes  to  commanicAte 
with  to  run,  and  he  can  send  the  messsge  to  that  one,  the  other  offices  being 
unable  to  get  it,  as  they  would  be  locked,  and  could  not  bring  their  instru' 
ments  into  unison  wHh  the  one  sending  the  despatch.  Thus  it  is  absolutely 
secret  in  its  transmissions,  and  if  necessary,  any  one  could  send  his  own 
message,  as  it  is  only  necessary  to  insure  its  sale  arrival  to  touch  the  right 
keys,  which  are  all  lettered. 

The  el(  ctrical  circuits  are  exceedingly  simple.  The  earth  wire  connects  with 
the  steel  pins  or  knobs  on  the  keys  of  the  transmitting  apparatus,  and  from 
the  revolving  arm  through  the  electro-magnet,  and  thence  through  the  line 
and  distant  magnet  to  the  earth.  Reversed  currents  are  not  necessary 
except  on  long  submarine  wires.  There  may  be  as  many  instruments  in 
circuit  as  may  be  desired.  The  European  news,  consisting  of  about  3,000 
words,  by  the  arrival  of  each  Transatlantic  steamer,  is  transmitted  by  this 
instrument,  from  Boston  to  New  York,  a  circuit  of  about  300  miles,  at  the 
rate  of  1,000  or  1,500  unabbreviated  words  per  hour. 

The  mode  of  operating  is  extremely  simple  and  easily  acquired.  The 
office  desiring  to  transmit  a  message,  calls  the  station  by  touching  tbe  keys 
in  a  pre-arranged  order ;  the  distant  office  at  once  returns  tbe  signal  *  O.  K.,' 

Fig.  131. 


or  all  right.  Tbe  manipulator  then  tommences  tbe  message,  first  striking 
tbe  aero  key  to  start  the  distant  type  wheel  in  unison  with  his  own.  If  the 
message  is  received  correctly,  he  is  allowed  to  finish,  and  then  tbe  operator 
at  the  distant  office  gives  the  signal  of  *  all  right  ;*  if  there  is  a  mistake,  the 
receiving  office  touches  his  key  board,  which  throws  extra  letters  to  the 
transmitting  station,  and  he  then  commences  again  from  the  point  where  he 
made  a  mistake.  There  can  be  no  mistake,  however,  if  the  operator  touches 
the  right  key,  and  manipulators  become  so  expert  that  they  seldom  touch 
the  wrong  one ;  if  they  do,  the  error  is  showq  b}*  the  copy  of  the  message  on 
their  own  instrument,  and  immediately  corrected. 

(ill)  Magnette  Tetographs. — In  these  instraments  the  mo- 
tions of  the  needles  are  actuated  by  the  momentary  currents  in- 
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duoed  in  electro-magnetic  coils  when  moved  in  proximity  to  the 
poles  of  a  permanent  steel  magnet. 

I.  Henley^ 8  Original  Double  Needle  Appttraius^-^Thia  is  shown 
in  Fig.  331. 

Two  compound  bar-magnets  a  a  are  fixed  parallel  to  each  other,  so  that 
their  opposite  poles  are  in  jaxta-position.  At  each  end  of  the  magnets  are 
arranged  a  pair  of  electro-magnetic  coils  6  b',  which  are  connected  together 
at  the  back  by  a  soft  iron  armature  c;  each  pair  is  attached  to  a  separate 
axle  and  finger-key  e  t\  and  are  perfectly  independent  of  each  other,  so  that 
by  their  motion  they  can  communicate  magneto-electric  currents  to  the 
two  liner  wires  z  z.  In  order  to  avoid  the  friction  that  would  ensue  on  the 
motion  of  the  coils,  if  their  soft  iron  centres  were  in  actual  contact  with  the 
poles  of  the  permanent  magnets,  the  axles  upon  which  the  coils  are  fixed  are 
80  adjustet)  as  to  bring  the  ends  of  the  soft  iron  cores  to  within  about  one- 
sixteenth  part  of  an  inch  from  the  magnets.  When  the  sending  part  of  the 
apparatus  is  at  rest,  a  spring  h  Keeps  the  coils  so  disposed  that  the  centre  of 
one  is  before  one  pole  of  the  magnet,  and  the  other  before  the  other  pole. 
This  answers  a  double  purpose :  the  iron  cores  and  armatures  of  the  coils 
act  as  a  keeper  to  the  magnets  when  the  apparatus  is  not  in  use,  and  the 
position  at  the  same  time  is  such  that  the  maximum  of  inductive  effect  is 
obtained  upon  the  motion  oi  the  coils.  The  finger-key  attached  to  the  axle» 
on  being  depressed,  reverses  the  position  of  the  coils  in  relation  to  the  poles 
of  the  magnets ;  the  alteration  in  the  polarity  of  the  soft  iron  cores  which 
thereupon  ensues,  occasions  by  induction  a  revulsion  in  the  electric  condition 
of  the  convolutions  of  wire  forming  the  coils,  and  the  current  induced  flows 
from  one  terminal  wire  of  the  pair  of  coils,  through  the  indicating  portion  of 
the  apparatus  t  in  one  direction  to  the  earth,  and  from  the  other  terminal 
ifire  in  the  opposite  direction  through  the  line  wire.  On  the  return  of  the 
finger- key  to  its  original  position,  the  polarity  of  the  cores  is  again  reversed, 
and  currents  are  induced  in  the  opposite  direction  to  those  previously  gene- 
rated. The  operation  of  the  one  current  is  to  deflect,  and  of  the  other  to 
bring  back,  to  zero,  the  indicating  needle  of  the  apparatus,  and  of  the  instru- 
ments at  the  various  stations  to  which  the  currents  may  pass.  The  motion 
of  the  other  finger-key  leads  to  similar  effects  being  produced  in  connection 
with  the  other  line  wire ;  and  the  combinations  of  movements  of  the  two 
indicating  neeilles  constitute  the  alphabet. 

The  indicating  portion  of  this  telegraph  consists  of  a  pair  of 
small  electro-magnetic  coils  coupled  together  hy  an  armature ;  the 
soft  iron  cores  project  beyond  the  coils,  and  are  terminated  by 
semicircular  horns  of  soft  iron.  This  elongation  of  the  cores  was 
found  necessary  in  order  to  prolong  the  polarization  of  the  coil,  as 
the  great  intensity  of  the  induced  current  would  not  occasion 
during  its  passage  through  the  coil  a  sufficient  amount  of  polarity 
in  the  iron  to  move  the  magnet  of  the  indicating  needle  unless  its 
effects  were,  so  to  speak,  thus  temporarily  fixed.  On  the  return  of 
the  finger-key  to  its  original  position,  an  amount  of  residual  mag- 
netism is  left  in  the  horns  of  the  indicating  coils  sufilcient  to  hold 
the  needle  in  its  position  at  zero  when  the  instrument  is  at  rest. 
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By  thU  ammgement  what  is  technically  tenned  a  dead  heat  of  th^ 
needle  is  produced,  and  the  needle  at  the  same  time  is  in^  perfect 
equilibriam  upon  its  axle,  conditions  which  conduce  greatly  to  the 
rapidity  and  invariability  of  the  needle's  motion,  and  to  accurate 
interpretation  of  the  signals.  The  magnets  used  to  generate  the 
induced  currents  are  tempered  in  a  particular  manner,  and  retain^ 
their  polarity  for  years.  They  are  easily  re-magrietized  when 
required,  by  bringing  their  poles  for  a  short  time  into  contact  wi^ 
a  powerful  electro-magnet. 

Fig.  3JX. 


a.  Henley's  Single  Needle  Magnetic  Telegraph. — This  instrument 
is  shown  in  Fig.  332. 

A 19  a  permanent  magnet ;  N  and  s  its  north  and  South  poles ;  b  is  a  poi^t 
tion  ^f  a  hollow  brass  cylinder  or  wheel,  on  the  surface  of  which  are  fixed 
pieces  of  soft  iron  a  a'  a",  and  which  is  moved  through  a  small  arc  on  the 
central  axis  c  by  means  of'a  lever  and  handle  h,  its  motion  being  limited  by 
the  stop  D^  against  which  two  projections  p  p\  padded  with  india-rubber, 
strike,  b  being  heavier  than  h,  pf  buts  against  d  when  the  instrument  is  in 
its  normal  state,  e  U  an  electro-magnet,  its  poles  being  horizontalh  beside 
one  another,  and  so  placed  that  a  a'  u"  pass  very  close  to,  but  do  not  touch 
them.  In  the  normal  position  a  is  opposite  to  n,  and  to  the  left-hand  pole 
of  the  electro*magnet,  communicating  to  it  by  induction  s  polarity ;  a!  is 
opposite  to  8,  and  to  the  right-hand  pole  of  the  electro-magnet,  which  thus 
becomes  a  n  pole ;  a"  is  inactive  in  this  position.  When  k  is  depressed,  a  is 
lemoved  from  its  position  opposite  the  left-hand  pole  of  the  electro-magnet, 
and  IS  replaced  by  a'\  which  communicates  to  it  n  pol^irit^',  while  a',  still 
opposed  to  the  right-hand  pole  of  the  electro- magnet,  is  removed  from  the 
mnaehce  of  s  and  bVought  opposite  n,  thus  reversing  ^he  polariey  of  e.  'At 
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Qacb  reversal  of  the  polarity  of  b  a  momentary  current  of  induced  electricity 
circulates  through  its  coils,  which  bein^r  in  communication  at  one  extremity 
Mrith  the  earth,  and  at  the  other  with  the  coils  of  the  electro-magnet  of  its 
preceptor,  and  so  through  the  line  wire  to  the  distant  station,  affects  both 
needles  at  the  same  moment. 

In  this  instrument  the  needle  is  always  acted  upon  by  alternating  reverse 
currents  of  momentary  duration,  and  therefore  it  is  necessary  to  temper  the 
poles  of  the  electro-magnet  of  the  receptor  slightly,  in  order  that  they  may 
retain  some  of  the  magnetism  communicated  to  them  by  the  momentary 
currents  of  induced  electricity,  and  so  hold  the  needle  over  to  tlie  side  to 
which  it  may  have  been  deflected,  until  the  reverse  current,  destroying  the 
residual  magnetism,  imparts  magnetism  of  the  opposite  kind.  The  deflecr 
tion  to  the  left  is  taken  as  the  zero  corresponding  with  the  normal  position 
of  the  lever  b  h.  and  the  deflections  to  the  right  are  given  different  durations 
to  signify  the  dots  and  da^ies  of  the  Morse  alphabet. 

The  form  of  the  armature  of  the  electro-magnet  in  the  receptors  of  these 
instruments  is  shown  in  Fig.  333.    The  needle  is  attracted  by  two  of  the 
extremities  of  the  horns,  and  repelled  by  the  other  two.    When  the  current 
in  the  electro-magnet  is  reversed,  the  attractions 
and  repulsions  take  place  in  opposite  directions.  Fiir \jj 

In  order  to  reduce  the  resistance  in  the  circuit, 
the  coils  of  the  large  electro-magnet  are  excluded 
when  the  instrument  is  in  the  position  for  re^ 
ceiviiig,  by  the  contact  between  the  spitd  h  and 
the  spring/:  /  is  in  connection  with  the  earth, 
a6d  h  through  the  press  frame- work  of  the  in- 
strument with  the  coil  of  the  electro-magnet  of 
the  receptor. 

3.  Bright' 8  Magnetic  Telegraph, — This 
instniment  was  devised  with  a  view  of  ob- 
viating the  effects  of  the  recoil  currents  which 

always  occur  in  the  working  of  underground  wires,  interfering 
materially  with  the  working  of  telegraphic  apparatus.  The 
nature  of  the  interference  will  be  at  once  understood  when  it  is 
mentioned  that  with  a  letter-printing  telegraph  the  surplus  current 
h^fl  a  tendency  to  carry  the  machinery  on  further,  and  to  make 
other  letters  than  those  intended.  With  the  chemical  and  other 
recording  telegraphs,  the  surplus  flow  of  electricity  will  continue 
nearly  a  minute,  entirely  confounding  the  marks,  and  representing 
one  letter  with  the  next ;  and  with  the  needle  telegraphs  a  beat 
more  is  made  by  the  back  current  than  intended,  with  every  letter 
formed.  On  this  account,  and  owing  to  the  decay  of  both  gutta 
percha  and  india  rubber  with  which  the  wires  must  be  covered, 
underground  wires  are  now  used  as  little  as  possible.  The  Mag- 
netic Telegraph  Company  have,  however,  adopted  the  system  to  a 
considerable  extent. 
The  plan  adopted  by  Messrs.  Bright  was  to  disconnect  the  in- 
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dicating  apparatug  altogether  from  the  action  of  the  sending 
currentB,  and  only  to  bring  it  into  connection  with  the  line  wires 
at  their  tennination.  Instead  of  shutting  off  the  recoil  current, 
it  was  permitted  to  pass  through  the  receiving  coils  at  the  cloee  of 
the  sending  currents,  and  the  connections  of  the  apparatus  wire 
so  arranged  that  it  conduced  to  the  efficient  working  of  the  ap- 
paratus by  keeping  the  needles  at  zero,  so  as  to  be  in  the  proper 
position  for  receiving  signals  from  the  opposite  ends  of  the  line. 
A  compensating  apparatus  was  also  introduced,  having  for  its 
object:  i.  The  obviating  the  effects  of  the  deflecting  currents 
which  continually  pass  through  telegraph  wires  more  or  less,  and 
in  different  directions,  and  which  arise  from  variations  of  terrestrial 
magnetism,  and  during  auror»  boreales  and  other  atmospheric 
electrical  disturbances  (60) ;  and  *.  The  neutralizing  toy  excess 
of  residual  magnetism  that  might  be  engendered  in  the  horns  of 
the  coils  by  the  recoil  current  This  excess  varies  with  the  length 
of  the  circuit  worked,  and  requires  a  constant  compensation  to  be 
maintained.  The  apparatus  consists  of  a  permanent  magnet  of 
much  greater  strength  than  the  magnet  within  the  horns  of  the 
indicating  coils,  fixed  upon  an  axis  at  such  a  distance  from  the 
lower  pole  of  the  indicating  needle,  that  the  poles  of  the  com- 
pensating magnet  may  be  made  to  describe  a  circle  intersecting 
the  lower  pole  of  the  indicating  magnet,  but  being  in  a  plane 
slightly  removed  from  it,  so  as  not  to  actually  come  into  contact. 
By  an  external  regulator  the  compensating  magnet  can  be  adjusted 
so  that  the  influence  of  either  of  its  poles  can  be  brought  to 
exercise  a  definite  influence  of  attraction  or  repulsion  upon  the 
receiving  magnet,  and  upon  the  soft  iron  horns  of  the  coils  by 
which  it  is  moved,  and  thus  to  negative  an  excess  of  polarity  in 
either  direction.  Since  this  contrivance  was  adopted,  not  the  least 
inconvenience  has  been  suffered  from  the  greatest  electro-terres- 
trial disturbances,  even  when  to  such  an  extent  as  to  deflect  a 
galvanometer  needle  at  right  angles ;  nor  does  the  strongest  return 
current  from  the  most  extended  circuit  impede  in  the  least  the 
eflicient  transmission  of  signals. 
The  magnetic  telegraph  as  thus  improved  is  shown  in  Fig.  334- 
a  a  compound  horseshoe  magnets,  formed  of  steel  plates  screwed  together; 
/;  6  induction  coils  attached  to  axles  moved  by  the  handles  ce;  one  of  the 
wires  terminating  each  pair  of  induction  coils  is  connected  with  an  insulated 
metallic  cam\  the  other  end  of  each  pair  of  coils  is  conducted  directly  to  the 
earth ;  e  e  the  metallic  cams ;  which  are  insulated  from  the  axles  to  which 
they  are  attached  by  ivory  plates ;  //  two  springs  connected  with  the  line 
wire,  and  resting  against  the  screws  of  the  bearings  pg;  gg  two  bearings  or 
bridge  pieces  in  conneetion  with  the  indicating  portion  of  the  instrument; 
h  h  th9  outside  of  the  dial  j  ii  the  indicating  needles  moved  by  the  magnetic 
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needles  inside  the  same  axles;  xx  thumb -screws,  by  which  the  magnet 
regulators  are  adjusted;  zzzz  a4ju8ting  pins  between  which  the  needles 
beat. 

The  intemfd  arrangement  of  the  indicating  apparatus  ia  not 
shown  in  the  figure.  When  at  rest  the  spring/  is  in  contact  with 
the  bridge  piece  g,  and  the  line  wire  is  in  direct  communication 
with  the  indicating  part  of  the  instrument,  and  the  electric  currents 
from  other  stations  pass  from  the  line  wire  through  the  indicating 
coils,  and  thence  to  the  earth,  producing  in  their  passage  the 
required  signals.  When,  however,  the  handle  is  depressed,  the 
Bietallic  cam  or  stud  attached  to  the  axle  presses  the  spring  away 

Fig.  IH. 


from  the  hearing^,  and  the  current  of  magneto-electricity  produced 
in  the  induction  coils  by  their  change  in  position  as  regards  the 
pole  of  the  permanent  magnet  passes  direct  to  the  line  wire.  This 
current  deflects  the  needles  of  other  stations  from  zero.  Directly 
the  downward  motion  of  the  handle  is  aarrested,  and  during  its 
return  to  its  original  position,  a  current  in  the  opposite  direction  is 
induced,  and  flows  through  the  line  wire,  bringing  the  indicating 
needle  of  the  other  stations  back  to  zero,  but  not  affecting  its  own 
indicating  apparatus,  owing  to  the  connection  between  the  spring 
and  the  bearing  being  still  incomplete.  The  moment  the  spring 
is  again  in  contact  with  the  bridge  piece,  on  the  cam  setting  it  at 
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liberty,  the  line  wire,  in  which  a  portion  of  the  last  current  has  been 
Jkred  as  it  were  in  tramitu,  seeks  to  regain  its  equiUbnum,  aod 
the  recoil  current  passes  through  the  indicating  portion  of  the 
instrument  (now  in  circuit  again),  and  holds  the  needles  to  zero, 
in  the  proper  poation  to  be  actuated  by  currents  from  the  other 
stations. 

(222)  Tbe  Aeonatte  I©l©irrapl».— Under  the  ordinary  system 
of  telegraphing  it  is  necessary  to  employ  a  transcriber  to  write 
down  the  words  as  interpreted  from  the  visual  signals,  and  dictated 
to  him  by  the  receiving  operator,  whose  eyes  being  fixed  on  the 
rapidly-moving  needles,  could  not  be  engaged  in  conjunction  with 
his  hands  in  writing.  An  instrument  by  which  the  manifestations 
of  the  current  are  transferred  from  the  eye  to  the  eax  was  invented 
by  Messrs.  Bright.     The  apparatus  is  shown  in  Rgs.  335  and  336- 

a  the  beU;  h  the  hammer;  h'  the  muffler  to  deaden  the  sound  and  stop 
the  vibration  after  each  stroke ;  c  the  contact  maker  and  breaker,  by  which 


Fig.  315- 


Fig.  «6. 


the  local  battery  is  put  on  and 
shut  off;  e  e  (Fig.  336)  the  electro- 
magnetic coils  through  which  the 
local  current  is  passed,  and  which 
actuates  the  magnet  t,  from  the 
axle  of  which  extend  arms  bearing 
the  hammer  and  muffler  hh'\  da. 
fixed  muffler. 
There  are  usually  a  pair  of  these  bells  together,  one  bell  differ- 
ing half  an  octave  in  tone  from  the  other,  fixed  to  a  wooden  parti- 
tion, one  on  the  one  side,  and  the  other  on  the  other  side  of  the 
operator.  From  the  number  of  beats  and  the  difference  in  tone 
tne  letters  and  words  are  formed  in  the  same  manner  as  with  the 
needle  tele^aph, 
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'  (2I3)  Bial  or  Step-by-step  Teleffrapbs. — ^Th^se  instruments 
directly  communicate  the  words  spelt  in  usual  letters,  each  of 
which  instead  of  heing  produced  by  a  certain  constant  group  or 
succession  of  currents,  requires  as  many  shocks  or  currents  for  its 
production  as  there  are  letters  on  the  dial  following  that  by  which 
it  was  preceded.  They  are  valuable  from  their  not  requiring  any 
special  training  in  the  operator,  a  very  little  practice  enabling  any 
one  to  send  or  receive  a  despatch  by  their  means.  Several 
excellent  instruments  of  this  class,  worked  by  magneto-electric 
currents,  tad  mostly  modifications  of  the  first  form  invented  by 
Wheatstone  in  1 840,  were  shown  at  the  Intemational  Exhibition 
of  1862  (see  Jurors'  JReport), 

Henley's  dial  telegraph  is  shown  in  Fig.  337 : — 

The  horissontal  dial  carrying  the  letters  is  supported  above  the  base-board 
of  the  instrument  by  a  vertical  rod,  which  passed  through  the  hollow  axis  x 

Fig.  3J7. 


of  the  brass  wheels  w  w'.  The  handle  d  is  also  attached  to  x  by  an  arm 
underneath  the  dial,  so  that  as  the  handle  is  moved  round  the  dial,  the 
wheels  move  with  it:  c  is  a  compound  horseshoe  magnet;  its  power  (de- 
pending chiefly  on  the  number  of  lamin®  or  plates)  is  suited  to  the  elec- 
trical resistance  of  the  particular  circuit  through  which  it  is  intended  to 
work :  i>  is  an  electro-magnet,  the  core  being  in  the  form  of  a  horseshoe, 
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and  the  poles  being  vertically  above  one  another,  and  between  the  two  poles 
of  the  permanent  magnet. 

On  the  circaroference  of  each  of  the  wheela  w  w'  are  secared  thirteen  pieces 
of  soft  iron,  a  a  a — a'  a'  a%  of  such  a  size,  and  so  placed  with  respect  to  one 
another,  that  at  the  moment  when  a  is  opposite  to  the  north  pole  of  the 
permanent  magnet,  a'  is  opposite  to  the  south  pole ;  a  imparting  by  induction 
north  polarity  t«  the  upper  end  of  the  electro-magnet,  while  of  imparts  south 
polarity  to  the  lower  end.  A  reverse  action  takes  place  when  tho  handle 
has  been  moved  through  the  twenty-sixth  part  of  the  circumference  of  the 
circle  (corresponding  with  the  distance  between  the  two  letters).  At  the 
instant  of  each  reversal  of  the  pole  of  the  electro-magnet  effected  in  this 
manner,  currents  of  electricity  in  alternate  directions  pass  through  its  coils. 

One  extremity  of  the  coil- wire  is  connected  with  the  earth,  the  other  with 
the  coils  of  a  small  electro-magnet  (behind  the  receiving  dial  of  the  instru- 
ment), through  which  each  induced  current  passes,  then  traverses  the  line- 
wire  to  the  distant  instrument,  circulates  through  the  coils  of  the  electro- 
magnet of  its  receptor,  and  so  passes  to  the  earth  through  a  short  circuit 
formed  by  the  spring  $  and  a  screw  on  the  metal  -plate  b.  These  touch  each 
other  only  when  the  handle  is  brought  to  zero,  a  roller,  r,  on  the  sprin^r 
passing  at  that  moment  into  a  notch  on  the  under-side  of  the  lower  wheel* 
and  thus  allowing  «  to  rise  and  come  into  contact  with  b.  The  object  of 
this  is  to  cut  out  of  the  circuit  the  resistance  of  the  coils  on  the  large  electro- 
magnet, which  is  eqnal  to  several  miles  of  the  line  wire. 

The  alternating  currents  of  electricity,  thus  circulated  through 
the  coils  of  the  electro-magnet  of  the  receptor,  work  an  escapement 
in  the  following  manner : 

Pieces  of  soft  iron  are  fixed  on  the  poles  of  the  electro-magnet, 
forked  at  their  ends,  and  approaching  each  other  very  doselj. 
The  lower  end  of  a-  magnetic  needle  hangs  in  the  slot  so  formed ; 
and  being  always  within  and  surrounded  by  the  soft  iron,  it  is 
acted  upon  much  more  powerfully  by  the  magnetic  force  than  if  it 
simply  vibrated  between  the  poles  of  the  electro-magnet.  The 
other  end  of  the  needle  is  formed  into  two  pallets,  which  by 
its  alternate  movement  act  on  inclined  teeth  on  the  opposite  sides 
of  an  escapement  wheel,  the  teeth  being  cut  in  a  peculiar  way  to  * 
prevent  recoil.  The  small  index-hand  of  the  receptor  is  thus  made 
to  revolve  in  the  same  manner  as  the  seconds-hand  of  a  watch.  It 
is  thus  seen  that  the  movements  of  the  handle  d  will  be  exactly 
followed  by  the  small  index-hand  on  the  receiving  dials  of  both 
instruments,  whatever  letter  is  indicated  by  the  position  of  d  being 
also  pointed  out  by  the  index-hand  of  the  receptors;  and  thus 
messages  can  be  sent  and  received  by  any  person  after  a  little  prac- 
tice, without  the  knowledge  of  a  special  alphabet. 

The  spring  and  button  on  the  left  of  the  instrument  are  for 
setting  the  index-hand  of  the  receptor,  should  it  at  any  time  get 
wrong.  On  slightly  raising  the  spring,  the  circuit  is  broken  with 
the  coils,  so  that  J>  can  be  moved  to  the  same  letter  on  the  large 
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dial  that  the  index  points  to  on  the  dial  of  the  receptor  without 
any  current  passing.  On  pressing  the  button  down,  a  short  circuit 
is  formed  between  the  two  outer  terminals  connected  with  the 
line  and  earth-wires,  so  that  the  handle  d  on  the  large  dial  and 
the  index  of  the  receiving  dial  will  be  moyed  simultaneously  round 
to  zero,  without  affecting  the  distant  instrument. 

(224)    Froment's   Treneta    Alptaabetio   Teleyrapta.  — This 
elegant  apparatus  is  shown  in  Fig.  338.    There  are  twenty-eight 

• 


keys — twenty-six  representing  letters,  one  a  cross,  and  the  other  ai^ 
arrow.  By  pressing  down  any  key,  its  corresponding  letter  is  shown 
on  the  dial,  and  at  the  same  time  on  the  dial  of  a  similar  apparatus 
at  the  distant  station.  Supposing^  for  example,  the  apparatus 
'  figured  in  the  text  to  be  at  Paris,  the  cuntent  from  the  battery 
enters  the  apparatus  at  h  and  leaves  it  at  ft' ;  it  proceeds  thence  to 
the  distant  station  (say  Rouen),  where  it  traverses  and  works  a 
precisely  similar  apparatus. 
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The  mechanism  of  the  internal  part  of  the  apparatus  is  shown 
in  Figs.  339,  340,  and  341. 

Fie  339  is  the  manipulator,  or  the  instrument  for  giving  signals;  Fig. 
-,4oi8therec«wr.  The  current  from  the  battery  enters  through  a  (Fjjt. 
339),  passes  up  the  brass  spring  k,  which  is  in  contact  with  tlie  wheel  e,  aud 


Fig.  3J9- 


Fig.  340. 


from  this  through  the  second  notched  spring  m,  out  by  the  wire  b,  and  on 
tdong  the  line-wire  to  the  telegraph  at  th«  distant  station ;  there  the  current 
traverses  the  bobbin  of  an  electro -magnet  not  seen  in  Fig.  339,  but  exhibited 

separately  in  Fig.  341.  This  electro-mag- 
net is  fixed  horizontally  at  one  extremity, 
the  other  being  left  free  to  operate  on  the 
soft  iron  armature  a,  which  forms  part  of 
a  bent  lever,  moveable  round  the  pin  o. 
The  lever  is  restored  to  a  vertical  position, 
when  the  electro>m^net  is  no  longer  ac- 
tive, by  the  action  of  the  spring  r.  The 
moment  the  electrical  current  traverses 
the  bobbin,  the  lever  at  c  is  attracted,  and 
the  motion  is  imparted  to  a  second  lever 
d,  through  the  shank  i.  This  second  lever 
is  fixed  on  a  horizontal  axis,  and  is 
united  to  the  fork  f.  When  the  current  is 
interrupted  the  spring  pulls  back  the 
lever,  and  thus  a  step-by-step  movement 
is  given  to  the  fork,  which  it  transmits  to 
the  wheel  o  carrying  the  index. 

The  manner  in  which  the  battery-current  is  interrupted  and 
renewed  will  be  understood  by  reference  to  Fig.  339.  The  wheel 
R  carries  twenty-six  tepth.  On  turning  it  by  the  button  p,  while 
the  plate  n  is  from  its  curved  form  in  constant  contact  with  the 
teeth,  the  plate  u,  being  crooked,  has  its  contact  broken  and  re- 
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newed  every  time  it  passes  over  a  tooth,  and  at  the  same  time  the 
battery-current  is  thrown  oflf  and  on.  Suppose  the  pointer  p  is 
advanced  four  letters,  then  the  current  between  N  and  M  will  be 
four  times  made  and  four  times  broken,  and  the  armature  of  the 
electro-magnet  at  the  distant  station  will  be  four  times  attracted 
and  four  times  pulled  back  by  its  spring;  but  these  four  attractions 
will  give  four  movements  to  the  wheel  g,  %nd  the  pointer  will 
pass  over  the  same  number  of  letters  in  the  dial  of  the  receiver, 
Fig.  340,  as  in  that  of  the  manipulator,  Fig.  339.  At  the  top  of 
the  case  of  the  instrument  is  the  alarum,  which  is  worked  by  a 
special  electi-o-magnet. 

Referring  now  to  Fig.  338,  a  series  of  twenty-eight  ivory  keys  ig 
seen  in  front  of  the  apparatus ;  the  first  being  marked  with  a  cross, 
the  last  with  an  arrow,  and  the  intermediate  twenty-six  with  the 
letters  of  the  alphabet — the  first  ten  letters  carrying  also  the  ten 
numerals.  Immediately  in  front  of  the  keys,  on  a  horizontal  plat- 
form of  mahogany,  is  the  dial  B,  and  two  small  metal  pieces,  m  n, 
which  are  moveable,  and  which  by  means  of  a  handle  may  be 
brought  into  contact,  m  with  8  or  r,  and  n  with  q  or  p.  The  dial  b 
is  the  verifier ;  its  index  must  always  point  to  the  same  letter  as 
that  last  signalled ;  if  it  does  not,  it  shows  that  the  apparatus  is 
not  in  proper  working  order.  When  m  is  in  contact  with  «,  the 
apparatus  is  in  a  condition  to  send  signals  from  Paris  to  Kouen  -, 
when  in  contact  with  r,  it  is  in  a  condition  to  receive  a  signal  from 
Rouen  to  Paris.  In  like  manner,  when  n  is  in  contact  with  q  the 
alarum  may  be  sounded  at  Rouen ;  when  in  contact  with  p,  the 
machinery  is  in  a  state  to  receive  a  notice  from  Rouen. 

(225)  'Wriieatstone'B  Vnivenal  Blal  Teleffrapli.~This  instru- 
ment, which  is  extensively  used  in  the  metropolis  and  elsewhere, 
both  for  public  and  private  establishments,  consists  of  two  distinct 
parts — viz.,  the  '  commwiicatar,*  for  sending  the  message,  and  the 
♦.mrfecflrfor,' for  receiving  the  same. 

The  communicator  (Fig.  342)  consists  of  a  small  box,  upon  the  upper 
surface  of  which  is  a  fixed  dial,  having  its  circumference  divided  into  thirty 
equal  spaces,  marked  with  the  twenty-six  letters  of  the  alphabet,  the  three 
points  of  punctuation,  and  a  -t- ,  with  an  inner  circle  marked  with  the  nine 
digits  and  a  + ,  this  series  being  repeated  twice.  A  band  or  pointer  in  the 
centre  of  the  dial  is  made  to  rotate  by  mechanism,  and  points  severally,  at 
the  will  of  the  operator,  to  the  letters  or  figures  required  to  be  indicated. 
Round  the  circumference  of  this  lettered  disc  are  thirty  small  keys  or  but- 
tons, which  ciui  be  depressed  by  the  finger,  one  for  each  letter  or  sign. 

In  its  interior  construction,  the  box  contains  a  permanent  horseshoe  mag- 
net and  coil  apparatus  for  producing  the  necessary  magnetic  currents,,  an 
exterior  handle,  as  revolution  by  the  hand,  or  other  means,  causes  an  ax  hi 
iip  the  instrument  to  revolve.    Attached  to  this  axis  are  two  equal  arms,  to 
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the  eztremities  of  which,  fixed  perpendicularly,  are  two  cores  of  soft  iron 
wire.  Round  each  of  these  cores  of  soft  iron  a  helix  of  fine  insulated  copper 
wire  is  wound  in  a  continuous  length.  The  coils  and  armature  are  so 
arranged  upon  the  axis  as  to  be  in  close  proximity  with  the  poles  of  the 
horseshoe  magnet,  so  that  at  every  revolution  of  the  axis  with  which  the 
handle  is  connected,  the  two  soft  iron  cores  of  the  coils  pass  over  the  poles 
of  the  magnet,  and  become  temporary  magnets  b}'  induction ;  and,  at  the 
moment  of  making  an#  breaking  conUct  with  the  poles  of  the  magnet,  in- 

Fig.  341. 


duce  i  urrents  of  electricity,  moving  in  opposite  directions  through  the  wire 
of  the  coils  if  the  circuit  be  complete.  This  temporary  magnetization  of  the 
cores,  and  induced  currents,  taking  place  each  time  contact  is  made  and 
broken  during  the  revolution  with  the  poles  of  the  magnet,  a  succession  of 
currents  or  waves  of  electricity  may  be  obtained  by  the  continuous  revolu- 
tions of  the  handle  attached  to  the  axis  carrying  the  armature. 

The  mechanism  of  the  communicator  is  so  arranged  that  when 
any  of  the  thirty  keys  round  the  dial  is  pressed  down  by  the  finger, 
that  key  has  the  effect  of  cutting  off  the  passage  of  the  current  along 
the  line  and  through  the  instrument,  and  of  making  a  short  circuit 
with  the  earth  so  long  as  it  remains  depressed.  When  any  other 
key  is  similarly  depressed,  a  simple  piece  of  mechanism  causes  the 
depression  of  this  key  to  elevate  the  former  key,  open  the  electri- 
cal circuit,  and  allow  the  induced  currents  derived  from  the  mag- 
net to  flow  in  succession  through  the  instrument  and  along  the 
wire  to  the  distant  station,  until  they  are  again  interrupted  and 
passed  into  the  earth  by  the  depressed  key.  This  short  current 
contact  is  made  by  means  of  a  loose  carriey-fcrm  attached  to  the 
axis  which  carries  the  pointer  on  the  dial,  and  thrown  in  or  out  of 
gear  by  the  depression  of  elevation  of  the  key.  Motion  is  commu- 
nicated to  this  axis  by  a  bevilled  wheel  working  into  a  pinion 
fixed  to  the  axis  carrying  the  armatures  j  the  motion  being  so  ad- 
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justed  that  for  every  separate  current  induced  in  the  coils,  the 
hand  shall  move  one  space  or  letter  on  the  dial.  The  keys  there- 
fore, being  depressed  in  succession,  wiU  each  liberate  one  cuiTent, 
or  thirty  distinct  currents,  during  an  entire  revolution  of  the  hand 
round  the  dial — fifteen  in  one  direction  and  fifteen  in  the  opposite 
direction. 

For  every  current  transmitted  (these  currents  being  in  succession 
in  different  directions),  the  hand  of  the  communicator,  and  those 
of  the  indicators  at  the  near  and  distant  stations,  will  simul- 
taneously advance,  step  by  step,  until  the  letter  opposite  the  de- 
pressed key  is  reached  by  the  pointer.  The  instant  this  letter  is 
reached,  a  short  circuit  is  made  by  the  carrier ;  the  current  no 
longer  flows  through  the  telegraph  wire  and  the  indicators,  but 
passes  into  the  earth  until  another  key  is  depressed  and  the  circuit 
is  again  opened,  and  so  on  in  succession  until  any  number  of  re- 
quired signals  or  letters  have  been  registered. 

The  indicator  (Fig.  343),  externally  in  appearance  something 
like  a  watch,  is  placed  on  a  small  stand  in  any  convenient  position 
for  observing  the  dial.  The 

face  of  the  instrument  is  Fig.  h]. 

spaced  into  thirty  divisions 
like  the  communicator, 
with  its  double  circle  of 
letters  and  figures,  and  its 
moveable  hand  or  index. 
A  step-by-step  motion  is 
imparted  to  this  hand  by 
means  of  an  electro-mag- 
netic apparatus,  which  con- 
sists of  two  permanent 
magnetic  bars  or  needles 
fixed  to  an  axis,  and 
lying  parallel  between  two 

small  electro-magnetic  coils  with  soft  iron  cores.  These  electro- 
.  magnets  are  so  arranged,  that  when  a  current  of  electricity  from 
the  communicator  passes  through  the  coils,  their  armatures  exer- 
cise a  mutual  attraction  and  repulsion  on  the  poles  or  extremities 
of  the  mfignetic  needles,  the  effect  of  which  will  be  to  impart  a 
backward-and-forward  motion  to  the  axis  carrying  the  magnetic 
bars.  Fixed  to  the  end  of  this  axis  is  a  short  vertical  arm,  carry- 
ing a  small  escapement-wheel  of  fifteen  teeth,  the  axis  of  which 
carries  the  pointer  on  the  dial,  and  to  which  a  «tep-by-step  motion 
is  imparted  by  the  rotation  of  the  escapement- wheel  working  to 
and  fro  against  fixed  stops  or  pins. 
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To  work  this  telegraph,  a  single  insulated  wire  is  extended 
between  the  two  stations^  the  ends  of  which|  after  passing  through 
the  indicator  and  communicator  at  each  station^  completes  the 
circidt  by  connection  with  the  earth,  either  by  contact  with  the 
waterpipes  of  the  establishment,  or  else  attached  to  a  plate  of 
copper  buried  for  the  purpose.  The  stand  of  the  indicator  is 
furnished  with  a  lever  tumplate,  by  which  the  alarum  a,  for 
calling  attention,  or  the  telegraph  T,  can  be  thrown  into  circuit 
according  as  the  lever  is  turned  to  A  or  to  T  (Fig.  343). 

Whenever  the  telegraph  is  not  in  use,  the  alarums  at  each  end 
should  be  placed  in  circuit,  so  that  on  turning  the  handle  of  the 
communicator,  and  depressing  a  key,  the  first  currents  transmitted 
through  the  circuit  will  cause  the  bells  at  both  ends  of  the  line 
instantly  to  sound,  and  call  the  attention  of  the  clerk  or  operator 
at  the  distant  station,  who  immediately  signifies  his  presence  at 
the  instrument  to  the  sender  by  turning  the  handle  of  his  commu- 
nicator, depressing  a  key,  and  ringing  both  bells  a  second  time.  Both 
^nder  and  receiver  now  throw  the  telegraph  t  into  circuit,  taking 
care  to  observe  that  the  hands  of  both  the  communicator  and  indi- 
cator stand  respectively  at  the  4-  marked  on  the  dials,  and  which 
is  necessary  to  insure  the  correspondence  of  the  letters  about  to  be 
transmitted  at  both  stations.  The  sender  spells  out  his  message 
by  depressing,  in  succession,  with  his  left  hand,  each  key  of  his 
communicator  corresponding  with  the  required  letters,  while  he 
steadily  turns  the  handle  of  his  instrument  with  his  right  hand. 
The  pointer  of  his  indicator  will  also  turn  in  succession  to  each  of 
these  letters,  and  pause  until  the  next  letter  or  key  is  depressed. 
The  hand  of  the  indicator  of  the  receiver  of  the  message  at  the 
distant  station  will  also  point  to  the  same  letter,  spelling  out  the 
word  required,  the  receipt  of  which  he  acknowledges  by  turning, 
the  handle  of  his  communicator,  depressing  the  key  opposite  the 
+,  and  causing  the  hands  of  both  indicators  to  pass  through  a 
complete  revolution.  K  any  letter  or  sign  in  spelling  a  word 
requires  to  be  repeated  in  succession,  it  is  only  nect^ssaiy  to  de- 
press for  an  instant  the  preceding  key,  and  then  to  depress  that 
opposite  the  letter  to  be  repeated,  before  the  pointer  of  the  com-, 
municator  in  its  revolution  has  reached  the  letter. 

For  connecting  up  the  instruments  the  following  rules  are  to  be 
observed : — 

I.  The  instruments  at  each  station  should  first  be  placed  in  short  circuit  As 
ohown  in  Fig^344.  Short  wires  are  placed  upon  the  terminals  from  a  toe,  an') 
from  d  to/,  the  switch  x  being  turned  to  point  to  the  letter  t.  The  handle  z 
9f  the  communicator  is  then  to  be  turned  ste^idjly,  at  the  rate  of  about  120 
revolutions  per  minute,  and  the  inde:^  or  pointer  passed  from  +  to  -t-  on  tb<f 
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dial  by  depressiiig  the  finger-key  opposite  the  fall-stop  (.),  and  the  key 
opposite  the  +  immediately  afterwards.  If  the  index  of  both  communicator 
and  indicator  correspond,  the  connections  will  be  right;  but  should  the 
hand  of  the  *  indicator  *  be  either  in  advance  or  behind  the  +  one  space,  the 
connecting  wires  must  be  reversed,  a  being  joined  up  to^  and  rf  to  « ;  the  in- 
struments will  now  be  found  to  correspond  in  the  revolution  of  their  pointers 
round  the  dials. 


2.  The  instruments  being  in  working  order,  the  line  wire  is  connected 
to  the  instruments  by  removing  one  of  the  short  wires  at  each  station,  and 
substituting  the  line- wire  and  earth-wire,  as  shown  at  a  e  and  bf.  Fig.  345. 
The  same  signal  of  passing  the  pointer  from  +  to  + ,  is  now  to  be  sent  from 
station  to  station;  and  if  the  index  at  the  other  station  falls  either  one  in 
advance  or  behind  the  position  of  the  line  and  earth,  wires  at  one  station  only 
must  be  reversed. 

3.  When  more  than  two  stations  require  to  be  connected  up  in  the  same 
circuit,  the  above  rules  are  to  be  observed  with  reference  t<i  the  signals  from 
+  to  +  at  each  successive  station,  the  connection  appearing  thus  (Fig.  346) : — 


Fig.  146. 


1 


[tTo  oof. 

3 


4.  When  several  stations  are  in  the  same  circuit,  it  will  often  be  found 
convenient  to  introduce  the  current-changery  enabling  the  operator  to  send 
up  and  down  the  line  in  either  direction,  without  interrupting  the  qommuni 
cation  of  those  stations  situated  in  an  opposite  direction  to  that  in  which  he 
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is  speaking.  The  manner  of  connection  will  be  seen  by  reference  to  ^ipr. 
347.  This  arrangement  will  enable  several  stations  to  communicate  with 
each  other  at  the  same  time — 

a  — —  b e d  - —  e  -^ — / g h. 

For  instance,  while  a  is  speaking  to  b,  e  can  talk  to  d,  e  with  f,  and  so  on. 
This  system  requires  that  each  sUtion  has  its  own  signal  or  prefix  for  calling 
attention,  and  that  when  no  station  is  called,  either  u\»  or  down  the  line,  the 
handle  of  the  current*  changer  remains  on  the  through  circuit,  m  shown  in 
the  figure :  — 

Fig.  347* 


TNRiuQii:eiReaiT. 


The  Universal  Telegraph  being  intended  for  the  use  of  private 

individuals,  a  large  number  of  conductors  are  required ;  and  the 

method  by  which  these  have  been  provided  by  Wheatstone  is 

cheap;  novel,  and  entirely  successful. 

The  following  is  a  general  outline  of  the  system  :— 

In  place  of  the  thick  iron  conducting-wire  in  ordinary  use,  fine  copper 

Fig.  34«« 
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■wire  (No.  24  guage)  is  employed,  carefully  insulated  over  its  entire  length 
with  a  thin  coating  of  india-rubber,  and  further  protected  from  abrasion  by 
a  covering  of  tarred  tape,  thus  per-. 

fectly    insulated    from    one    another.  pjg^  ^^ 

The  conductors  are  afterwards  com- 
oined  into  ropes  of  about  two  hun- 
dred and  thirty  yards  in  length,  con- 
taining twenty,  thirty,  fifty,  or  one 
hundred  wires,  according  to  the  re- 
quirements of  the  district  through 
-which  they  are  intended  to  pass. 

In  connecting  together  all  parts  of 
the  town,  a  system  of  triangulation  is 
adopted,  the  town  being  hereby  di- 
vided into  a  series  of  triangles  as 
nearly  equilateral  as  possible,  with 
sides  about  a  mile  in  length.  At  each 
mile  or  intersection  of  the  triangles, 
draw-posts  filled  with  connecting 
boxes  are  placed,  for  the  purpose  of 
receiving  the  several  cables  a,  b,  c,  d, 
K,  F,  coming  in  from  different  lines,  as 
represented  in  Fig.  348,  which  shows 
the  head  or  straining  apparatus  of  one 
of  these  posts. 

The  ends  of  these  cables  are  carried 
down  the  post  into  the  connecting  box, 
which  consists  of  a  cast-iron  frame  and 
lid  about  three  feet  long  by  two  feet 
broad,  and  four  inches  in  depth ;  the 
interior  of  which  is  filled  with  insulat- 
ing slips  of  ebonite,  a,  b,  c,  d,  e,  f, 
Fig.  349  corresponding  in  number  to 
that  of  the  cables  coming  into  the  box. 
Each  ebonite  slip  is  also  furnished  with 
a  series  of  small  screw  terminals,  num- 
bered consecutively  i,  2,  3,  4,  5,  &c., 
to  receive  the  several  insulated  wires 
of  the  rope  which  it  represents.  These 
wires  are  severally  attached  to  the  ^ 

screws  of  each  slip,  and  by  means  of 
cross  connections  can  therefore  be  com- 
bined together  in  any  desired  direc- 
tion ;  and  as  each  wire  receives  the  same 
numerical  value  at  each  connecting 
station  throughout  the  whole  line,  great 
facility  is  given  for  reference  in  cases 
of  accident,  alteration,  or  connection. 

To  prevent  any  injury  arising  to  the 
insulated  cable  from  stretching,  it  is  suspended  by  light  hooks,  a  (Fig.  350). 
from  two  strong  stranded  iron  wires,  placed  parallel  at  a  distance  of  twelve 
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inches,  and  which  ptM  from  pout  to  post,  fixed  at  intervals  of  aboot  two 
hundred  yards  on  the  roofs  of  the  houses.    These  posts  (Fig.  351)  are  each 


Kg.  J5I. 
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fitted  with  a  straining  apparatus,  everr 
separate  length  of  wire  being  strained  in- 
dei>endent  of  the  other ;  so  that  in  case  of 
fracture  of  one  of  the  suspending  wires, 
by  contraction  during  frost  or  other  cause, 
the  cable  remains  supported  uninjured  by 
the  other  wire. 

The  insulated  cable  being  suspended 
from  uncovered  iron  wires  in  immediate 
contact  with  the  iron  supporting  posts 
which  themselves  are  in  connection  witli 
the  leads  and  piping  of  the  houses  upon 
which  they  stand,  lightning  cannot  pass 
through  the  insulated  wire  to  the  hou^e 
in  which  it  is  introduced,  and  no  injury 
can  happen  to  the  instrument  from  a 
similar  cause:  the  network  of  the  sup- 
porting wires  will, -in  point  of  fact,  act  as 
an  extended  system  of  ]ightning-con« 
ductors,  and  insure  the  safety  of  the  houses 
over  which  they  pass. 

At  each  of  the  supporting  posts  the  ends 
of  the  cable  are  brought  down  to  small 
testing- boxes,  and  the  several  wires  se- 
parated and  passed  through  little  canals 
of  ebonite  (Fig.  352),  numbered  con- 
secutively to  correspond  with  those  of  the 
terminal  screws  in  the  corresponding  slips 
of  the  connecting  boxes  at  the  draw-posts. 
By  these  means  a  communication  with  the 
^vires' can  be  opened  at  any  point  alon^ 
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the  line,  and  private  wires  carried  down  from  the  nearest  post  to  the  house 
€»r  premises  required  to  be  placed  in  communication.  If  any  accident 
happens  to  any  particular  wire,  it  can  be  discovered  where  the  fault  lies 
by  testing  from  post  to  post. 

(226)  Antomatio  System  for  tbe  Transmission  of  Tele- 
gTapbic  Messagres. — An  admirable  instrument  for  this  purpose 
has  been  invented  by  Professor  Wheatstone.  It  is  thus  described 
by  him  (Comptes  Rendm  of  the  Pdris  Academy  of  Sciences',  and 
Jurors'  Beportj  International  ExhiMtioti  of  1862) : — 

*  Long  strips  of  paper  are  perforated  by  a  machine,  constructed  for  the 
purpose,  with  apertures  grouped  to  represent  the  letters  of  the  alphabet  and 
other  signs.  A  strip  thus  prepared  is  placed  in  an  instrument  associated 
Avith  a  source  of  electric  power,  which  on  being  set  in  motion  moves  it  along, 
and  causes  it  to  act  on  two  pins,  in  such  a  manner  that  when  one  of  them  is 
elevated,  the  current  is  transmitted  to  tbe  telegraphic  circuit  in  one  direction, 
and  when  the  other  is  elevated  it  is  transmitted  in  the  reverse  direction. 
The  elevations  and  depressions  of  these  pins  are  governed  by  the  apertures 
and  intervening  intervals.  These  currents,  following  each  other  indifferently 
in  these  two  opposite  directions,  act  upon  a  writing  instrument  at  a  distant 
station,  in  such  a  manner  as  to  produce  corresponding  marks  on  a  slip  of 
paper  moved  by  appropriate  mechanism. 

*  The  first  apparatus  is  a  perforator  (Fig.  353),  an  instrument  for  piercing 

Pig.  35J. 


the  slips  of  paper  with  the  apertures  in  the  order  required  to  form  the 
niessage.  The  slip  of  paper  posses  through  a  guiding  groove,  at  the  bottom 
<)f  which  an  opening  is  made  suflSciently  large  to  admit  of  the  to-and-fro 
motion  of  the  upper  end  of  a  frame  containing  three  punches,  the  extremities 
of  which  are  in  the  same  transverse  line  Each  of  these  punches,  the  middle 
one  of  which  is  smaller  than  tbe  two  external  ones,  may  be  separately 
elevated  by  the  pressure  of  a  finger-key. 

*  By  the  pressure  of  either  finger-ke}'  simultaneously  with  the  elevation  of 
its  corresponding  punch,  in  order  to  perforate  the  paper,  two  different  move- 
nients  are  successively  produced:  firsts  the  raising  of  a  slip  which  holds  the^ 
paper  firmly  in  its  position ;  and  secondly,  the  advancing  motion  of  the 
frame  containing  the.  three  punches,  by  which  the  punch  which  ia  raised 
carries  the  slip  of  paper  forward  the  proper  distance.    During  the  reaction  of 
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the  key  consequent  on  the  removal  of  the  pressare,  the  dip  first  fastens  the 
paper,  and  then  the  frame  falls  back  to  its  normal  position.  The  two  ex- 
ternal keys  and  punches  are  employed  to  make  the  holes,  which  grouped 
together  represent  letters  and  other  characters,  and  the  middle  punch  to 
make  holes  which  mark  the  intervals  between  the  letters.  The  perforations 
in  the  slip  of  paper  appear  thus  (Fig.  354).' 

Fig.  154. 
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IX 


A  very  simple  addition  to  the  perforator  enables  a  printed 
message  which  has  been  received  to  be  retransmitted  to  a  more 
distant  station,  without  any  translation  or  knowledge  of  the  mean- 
ing of  the  message.  The  printed  band  which  has  been  received  is 
made  to  pass  between  two  rollers,  one  of  which  is  moveable  by  a 
finger-screw,  so  as  to  cause  the  characters  to  pass -successively 
before  the  eyes  of  the  operator.  The  keys  of  the  perforator  are 
acted  upon  with  the  right  hand,  and  the  finger-screw  wil^  the 
left ;  as  the  characters  successively  appear,  the  keys  are  pressed 
down  in  the  order  of  the  points  of  wiiich  the  letters  consist,  an 
operation  which  requires  scarcely  any  skill  to  perform. 

There  need  be  no  change  in  the  alphabet  which  is  at  present 
employed ;  the  points  at  one  side  may  represent  the  short  dashes, 
and  those  at  the  other  side  the  long  dashes,  their  order  remaining 
the  same  as  in  the  existing  system. 

Fig.  ^55. 


•  The  second  apparatus  is  the  transmitter  (Fig.  355) ;  the  object  of  which 
is  to  receive  the  slips  of  paper  prepared  by  the  perforator,  and  to  transmit 
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the  currents  produced  by  the  rheomdtor,  in  the  order  and  direction  corre- 
sponding to  the  holes  perforated  in  the  slip.  This  it  effects  by  mechlanism 
somewhat  similar  to  that  by  which  the  perforator  performs  its  functions. 

*An  eccentric  produces  and  regulates  the  occurrence  of  three  distinct 
movements:—!.  The  to-and-fro  motion  of  a  small  frame,  which  con- 
tains a  groove  fitted  to  receive  the  slip  of  paper,  and  to  carry  it  forward  by 
its  advancing  motion ;  2.  The  elevation  and  depression  of  a  spring-clip,  which 
holds  the  slip  of  paper  firmly  during  the  receding  motion,  but  allows  it  to 
move  freely  during  the  advancing  motion ;  3.  The  simultaneous  elevation  of 
three  wires  placed  parallel  to  each  other,  resting  at  one  of  their  ends  over  the 
axis  of  the  eccentric,  and  their  free  ends  entering  corresponding  holes  in  the 
grooved  frame.  These  three  wires  are  not  fixed  to  the  axis  of  the  eccentric,  but 
each  end  of  them  rests  against  it  by  the  upward  pressure  of  a  spring ;  so  that 
when  a  light  pressure  is  exerted  on  the  free  ends  of  either  of  them,  it  is 
capable  of  being  separately  depressed.  When  the  slip  of  paper  is  not  inserted, 
the  eccentric  is  in  action ;  a  pin  attached  to  each  of  the  external  wires  touches, 
during  the  advancing  and  receding  motions  of  the  frame,  a  different  spring, 
and  an  arrangement  is  adopted,  by  means  of  insulation  and  contacts  properly 
applied,  by  which,  while  one  of  the  wires  is  elevated,  the  other  remainn 
depressed ;  the  current  passes  from  the  rheomotor  to  the  telegraphic  circuit 
in  one  direction,  and  passes  in  the  other  direction  when  the  wire  before  ele- 
vated is  depressed,  and  vice  versa ;  but  while  both  wires  are  simultaneously 
elevated  or  depressed,  the  passing  of  the  current  is  interrupted.  When  the 
prepared  slip  of  paper  is  inserted  in  the  groove,  and  moved  forward  when- 
ever the  end  of  one  of  the  wires  enters  an  aperture  in  its  corresponding  row, 
the  current  passes  in  one  direction ;  and  when  the  end  of  the  other  wire 
enters  an  aperture  of  the  other  row,  it  passes  in  the  other  direction.  By 
this  means  the  currents  are  made  to  succeed  each  other  aulomaticaily  in  their 
proper  order  and  direction,  to  give  the  requisite  variety  of  signals.  The 
middle  wire  only  acts  as  a  guide  during  the  operation  of  the  current. 

*  The  wheel  which  drives  the  eccentric  may  be  moved  by  the  hand,  or  by 
the  application  of  any  motive  power.  Where  the  movement  of  the  trans- 
Fig.  356. 


mitter  is  effected  by  machinery,  any  numbei'may  be  attended  to  by  one  or 
two  assistants.    This  transmitter  requires  only  a  single  telegraphic  wire. 
*  The  third  apparatus  is  the  recording  or  printing  apparatus  (Fig.  356}, 
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which  prints  or  impresses  legible  marks  on  a  strip  of  paper,  corresponding  in 
their  arrangement  with  the  apertures  in  the  perforated  paper.  The  pens  or 
styles  are  elevated  or  depressed  by  their  connection  with  the  moving  parts 
of  the  electro*magnets.  The  pens  are  entirely  independent  of  each  other  in 
their  action,  and  are  so  arranged  that  when  the  current  passes  through  the 
coils  of  the  electro-magnet  in  one  direction,  one  of  the  pens  is  depressed,  and 
when  it  passes  in. the  contrar}' direction  the  other 'is  depressed;  when  the 
currents  cease,  light  springs  restore  the  pens  to  their  elevated  points/ 

The  mode  of  supplying  the  pens  with  ink  is  the  following : — 
A  reservoir  about  an  eighth  of  an  inch  deep,  and  of  any  convenient  length 
and  breadth,  is  made  in  a  piece  of  metal,  the  interior  of  which  may  be  gilt, 
in  order  to  avoid  the  corrosive  action  of  the  ink;  at  the  bottom  of  this 
reservoir  are  two  holes,  sufficiently  small  to  prevent  by  capillary'  attraction 
the  ink  from  flowing  through  them ;  the  ends  of  the  pens  are  placed  imme- 
diately above  these  small  apertures,  which  they  enter,  when  the  electro- 
magnets act  upon  them,  carrying  with  them  a  sufficient  charge  of  ink  to  make 
a  legible  mark  on  a  ribbon  of  paper  passing  beneath  them.  The  motion  of  the 
paper  ribbon  is  produced  and  regulated  by  apparatus  similar  to  those  em- 
ployed in  other  register  and  printing  telegraphs. 

The  advantages  of  the  automatic  over  the  voluntary  system  are 
very  great.  No  practical  dexterity  on* the  part  of  the  voluntaiy 
operator  could  compete  in  rapidity  with  that  obtained  by  the 
automatic  process,  which  is  only  limited  by  the  rapidity  with 
which  the  recurring  motions  of  the  transmitter  can  be  effected. 
Moreover,  as  the  prepared  messages  may  be  transmitted  with  equal 
rapidity  in  whatever  language  the  cypher  may  be,  and  as  the  per- 
forated bands  may  be  prepared  at  leisure,  guarantees  of  accuracy 
are  obtained  which  cannot  be  afforded  by  the  system  of  inunediate 
voluntary  transmission.  These  advantages  would  be  greatly  in- 
creased if  the  messages  could  be  prepared  by  the  correspondents 
themselves,  which  they  could  easily  be,  if  they  would  take  the 
trouble  of  learning  a  telegraphic  alphabet.  Thus  a  merchant's 
clerk  might  prepare  the  messages  of  the  firm  in  the  punched  paper 
required  for  Wheatstone^s  transmitter:  this  prepared  paper,  on 
delivery  at  the  telegraph  office,  would  simply  have  to  be  passed 
through  the  fhachine  when  its  turn  arrived,  and  the  corresponding 
dotted  tape  received  at  the  distant  station  could  at  once  be 
addressed  and  be  delivered,  to  be  deciphered  by  the  receiver  at  his 
leisure. 
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CHAPTER  II. 
SUBMARINE  TELEGRAPHY. 

The  Submariiie  Cable— Shallow  Water  Gables— Deep-sea  Cables— The 
Conductor  of  the  Sabmarine  Cable— The  Insulator— The  External  Pro- 
tection—The Electrical  Properties  of  the  Submarine  Cable— Retardation 
of  Signals— Velocity  of  Transmission  of  Electric  Signals  through  Sub- 
marine Cables — Researches  of  Clark  and  Hughes — Of  Jenkin  and  Varley— . 
Distribution  of  Electricity  in  Submarine  Cables— Testing  Cables- 
Thomson's  Electrometer— Detection  of  Faults  in  Cables. 

(227)  Tbe  BnbmaHne  Cable.~i.  S^Uow  Water  Cables.^In 
1840  Professor  Wheatstone  suggestedtothe  Select  Committee  of  the 
House  of  Commons  on  Railways, 
the  constnicHdn  of  a  submarine  '       piir 

telegraph    between   Dover    and  '^^sS7* 

CalaiS;  and  subsequently  further 
developed  his  plans ;  but  the 
first  efficient  submarine  telegraph 
which  was  actually  laid  down,  was 
the  Hue  between  Dover  and  Calais 
projected  by  Mr.  Brett,  and  com- 
pleted in  1 8  5 1  (Report  of  the  Com" 
mittee  on  Submarine  Telegraphs)^ 
This  line,  a  section  of  which  is 
shown  in  Fig.  357,  consisted  of 

four  copper  conducting  wires,  No.  ^^^^  ^^  ^^^^ 

1 6  B.W.  G.  (o'o65  inch  diameter), 

each  insulated  with  gutta-percha,  twisted  together  with  a  tarred- 
hemp  covering,  formed  info  a  rope,  which  was  again  served  with 
tarred  hemp,  and  protected  with  iron  wires  of  No.  1  guage.  This 
cable,  which  weighed  about  6  tons  to  the  statute  mile,  was  worked, 
with  occasional  injuries  from  anchors,  till  the  spring  of  1859,  when 
extensive  repairs  wero  undertaken,  in  the  course  of  which  it  was 
found  that  the  gutta-percha  covering  of  the  copper  wires  was  in  a£^ 
good  order  as  when  first  laid- — so  complete  had  been  the  pro-i 
tection  afibrded  by  the  tarred  hemp^nd  the  immersion  in  water. 

In  1853  a  cable  with  six  conducting  wires,  insulated  by  a  double 
cqveiing  of  gutta-percha^  was  laid  between  Poy^r  imd.QstQAd, 
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shown  in  section  in  Fig.  358^  very  similar  to  the  Dover  and  Calais 
cable,  and  weighing  7  tons  per  mile.  Shortly  after  a  cable,  25 
miles  long,  was  Iwd  from  Donaghadee  in  Ireland  to  Portpatrick  in 
Scotland,  across  the  Irish  Channel ;  its  weight  was  the  same  as 
that  of  the  Dover  and  Calais  cable  (Fig.  359).    The  Mediterranean 

Fig.  358.  ^'  "9- 


Dover  and  Ostend.  Donag luidee  and  t\>rt  Pitrfck. 

cable,  which  is  of  the  same  size  and  COTistrnction  as  the  latter,  was 
laid  in  1854,  from  Spezzia  to  Corsica,  a  distance  of  no  miles.  In 
1858  a  line  was  laid  between  England  ilnd  Hanover,  xto  mOes  in 
length,  containing  two  copper  strands,  and  weighing  3  tons  per 
mile.  Two  other  cables  were  laid  in 
Fig.  j6ob  1859 —one  a  very  heavy  (me,  between 

Folkestone  and  Boulogne,  weighing 
9^  tons  per  mile,  containing  six  con- 
ducting strands  of  copper  wire,  in- 
sulated with  gutta-percha  and  Chat* 
terton's  compound,  the  principal 
ingredimit  of  which  is  gutta-percha, 
with  sufficient  wood-tar  and  resin 
to  give  it  the  proper  consistency; 
it  is  applied  by  passing  the  wire 
through  a  vessel  containing  it,  fitted 
Bngiaad  and  Dtsnunrfc.  with  iptoiper  guages,  immediately  bo* 

fore  the  die  that  puts  en  the  gvtta- 
peicha ;  m  the  mixture  becomes  cold  it  hardens.  The  other 
cable  was  laid  between  England  and  Denmark:  it  is  350 miles 
long,  weighs  4  tons  per  mile,  and  contains  three  condnctiDg  strandt 
(Fig.  360). 
In  tbe  iint  fovff  lines  kid  down  by  the  International  Telegnj^ 
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C<H>ipany,  between  Orfordnessand  the  Hague,  four  single  wires  were 
laid  in  four  separate  light  cables  (Fig.  361).     The  four  cables 
were  all  united  to  a  large  and  very  heavy  cable  (Fig.  362)  for 
a  distance  of  four  miles    from 
each    shore   where    ships   ^ere  Fig.  361. 

thought  more  likely  to  drop  their 
anchors.  The  core  was  double- 
covered  gutta-percha  wire  wrap- 
ped with  tape  and  yam,  extern- 
ally, and  covered  with  No.  8 
galvanized  iron  wire  laid  on  i 
spirally.  These  lines  were  so 
frequently  damaged  accidentally, 
and  occasionally  wilfully,  that 
their  repair  required  the  almost 
constant  services  of  a  vessel  and 
crew,  kept  for  the  purpose ;  and, 

therefore,    to    put  an  end   to  so        Orfordneas  and  Hague.    Deep  sea. 
serious  an  expenditure,  a  large 

cable  with  four  conducting  wires  has  been  laid  down  in  their 
stead. 

The  Channel  Islands  ^ig.  36*. 

telegraph  was  laid  from 
Portiimd  to  AMemey, 
Guernsey,  and  Jersey  in 
August  1858.  It  con- 
sists of  four  strands  of 
copper  wires  forming 
one  conductor,  covered 
with  gutta-percha,  and 
protected  by  iron  wires, 

the  weight  being  about  I 

2^  tons  per  mile;  the 
length  is  93  miles,  and 
the  depth  of  the  water 
is  nowhere  greater  than 
60  fathoms.  In  the 
month     of     February 

1859,    this    cable    was  Orfordness  and  Hagne.    Shore  end, 

broken    at    Jersey    by 

being  driven  against  the  rocks  in  a  violent  gale.  Another  acddent 
occurred  to  it  eight  months  after  it  was  laid,  four  miles  from  the 
island  of  Portland,  where  the  tide  had  caused  it  to  work  upon  a 
ridge  of  rock  in  25  fathoms  of  water,  which  had  worn  it  through. 
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The  cable  laid  between  Singapore  and  Batayia  for  the  Dq^h 
gOTeroment,  which  weighed  ii  cwl  per  nule,  is  similar  in  construc- 
tion to  the  Red  Sea  cable^  which  had  been  devised  for  a  deep-sea 
line ;  in  these  cables  the  interstices  between  the  wires  are  left 
vacant.  The  Tasraanian  cable^  manu&ctured  by  Mr.  Henley,  and 
laid  across  Bass's  Straits  in  1859,  in  three  sections,  weighed  two 
tons  per  jnile ;  one  section  failed^  and  had  to  be  replaced  by  a 
Stronger  cable. 

The  above  are  shallow  water  cables. 

The  following  table  (^Report  of  the  Committee  on  Submarine 
Tdegraphs)  shows  that  up  to  April  iS6i|  3;i9i  miles  of  such  lines 
had  been  laid,  the  whole  of  which  «re  not,  however^  now  work<« 
ing:— » 

Shallow  Wateb  Cabubs. 


Length 

^ 

in 
Statute 

Owner  Of  Line 

Miles 

Black  Sea,  Varna  to  Constantinople 

7* 

Ottoman  Government. 

Black  Sea,  Varna  to  Balaklava     • 

356 

British  Government. 

II 

French  Government. 

Dacca,  Pegu  .       •       •       *       . 

116 

Indian  Government 

Dover  and  Ostend . 

Dover  and  Calais  (Grisnez)  . 

80 
S5 

f  SHbmarine  Telegraph  Com- 
I     pany. 

Folkestone  and  Boulogne      • 

24 

9*                            ft 

England  and  Hanover  ,        .        • 

28S 

f*                          9* 

England  and  Denmark . 

350 

ft                           fi 

England  to  Holland,  Orfordness,) 

and  Schevening  (four  lines)     j 

England  to  Holland,  Mismeer  to  ( 

!Jfi 

f  Electric  and  International 
(     Telegraph  Company. 

Zandvoort.        .        .        ,       j 

136 

♦»              .» 

Holyhead  to  Howth  (1854)  . 
Holyhead  to  Howth  (1854)  .        . 
Hurst  Castle  to  Isle  6f  Wight       . 

73 

^ 

7^ 

I 

If                    n 

Firth  of  Forth       .        .        ,        . 

5 
I  • 

t*                   ft 

River  Tay 

n                    ft 

Holyhead  and  Howth  (185a) 

73 

R.  ft  S.  Newall  ft  Company. 

Portpatrick  and  Donaghadee 

^s 

(  British  and  Irish  Magnetic 
[     Company. 

Portpatrick  and  Whitehead  . 

26 

Portpatrick  and  Whitehead  (1852) 

IC 

•»               ft 

Liverpool  te  Holyhead          ,        , 
Majorca  to  Minorca 
Denmark  across  the  Belt       .        . 
Dennjark  Great  Belt  .  .        .        . 

.25 

W 

28 

Liverpool  Dock  Committee. 
Spanish  Grovemment.  / 
Danish  Government. 

Sweden  to  Denmark     , 

*M 

»»                   n                   • 

Sweden  to  Gottland      .      \       \ 

-       ■•       ■* 

6| 

f»                  9% 

Carried  forward    -    .       ,       .  " 

2,261 
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Length 
in 

Btatnte 
MUes 

Owner  of  Line 

Bronght  forward      •       • 
Singapore  to  Batavia    .        • 
Tasmaniaii,  Bass's  Straits     . 
Prince  Edward's  Island  to  New) 
Bnmswick.        •       •       •      j 

Whitehaven  and  Isle  of  Man 

Wej'month  to  Aldemey,  Guem- ) 
sey,  and  Jersey  .       •       •      J 

2,261 
550 
240 

12 
36 

93 

Dntch  Government 
Australian  Government 

9f                           ft 

f  Isle  of  Man  Electric  Tele- 
(     graph  Ck>mpany. 

3.192 

I.  Statistics  of  ShaUow  Water  Cables. — (Fleemmff  Jenkm,  Cantor 
Lecture8.y--Tiie  total  fdlure  of  all  kinds  in  shallow  water,  ex- 
cluding cables  which  have  no  proper  outer  iron  protection,  does 
tiot  amount  to  100  miles.  About  2,350  miles  have  been  laid, 
which  worked  for  some  time,  but  are  now  abandoned.  Of  these 
1,400  miles  "v^eighed  less  than  one  ton  per  mile,  a  weight  which 
for  shallow  seas  is  now  known  to  be  altogether  insufficient— these 
worked  for  about  two  years  on  an  average.  950  miles  weighed 
more  than  one  ton,  but  not  more  than  two  tons  per  mile.  The 
average  life  of  these  cables  was  five  years.  5,000  miles  are  now 
certainly  at  work,  possibly  more ;  they  have  already  worked  on  an 
average  four  years  and  a  half ;  they  include  one  cable  which  has 
worked  for  fifteen  years,  and  several  are  thirteen  years  old ;  but 
the  average  is  lowered  by  the  long  Malta,  Alexandria,  and  Persia^ 
Gulf  cables,  only  lately  laid.  Every  one  of  these  cables  except 
the  Malta-Alexandria  not  originally  designed  for  shallow  seas, 
weigh  more  than  two  tons  per  mile.  The  interruptions  on  the 
lighter  cables  are  somewhat  frequent.  On  the  Malta-Alelandria 
they  have  averaged  four  days  per  100  miles  per  annum.  Even 
this  is  not  worse  than  the  best  land  lines  in  India,  and  is  ten  times 
better  than  the  worst  land  lines  in  India. 

a.  Deep  Sea  Cables, — ^In  1851  it  was  proposed  by  Mr.  Tibbet  of 
New  York,  and  Mr.  Gisbome,  an  En^sh  engineer^  to  shorten  the 
communication  between  America  and  Europe,  by  making  St. 
John's,  Newfoundland,  a  port  of  call  for  Atlantic  steamers,  and 
constructing  a  telegraph  from  thence  to  join  the  American  lineS| 
and  they  obtained  an  Act  from  the  legislature  of  Newfoundland 
which  gave  them  the  necessary  powers,  but  being  unable  to  fulfil 
the  terms  of  the  Act,  they  transferred  their  interest  to  a  company 
which  was  called  the  Neto  York,  Nexofoundland,  and  London  Tde- 
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graph  Company,  This  company  obtained  an  Act  of  Incorporation 
in  1854,  and  in  1356  another  company  was  formed,  which  entered 
into  an  arrangement  with  the  former  by  which  the  privilege  of 
laying  a  submarine  line  between  Europe  and  the  coast  of  New- 
foundland and  Labrador  was  transferred  to  them :  this  was  the 
Atlantic  Telegraph  Company. 

Experiments  upon  forms  of  cable  b^st  suited  for  the  purpose, 

were  made  at  Messrs.  Glass  and  Elliot's  works.  The  form  selected, 

a  section  of  which  is  shown  in  Fig.  363,  was  calculated  to  bear 

three  tons.    It  consisted  of  a  strand  of  seven 

Fig.  j6j.  copper  wires,  each  No.  22  J  guage,  weighing 

93  pounds  per  mile,  covered  with  three  coats 

of  gutta-percha,  weighing  227  pounds  per  mile, 

served  vrith  threads  of  jute  yam,  saturated 

with  a  composition  of  tar  and  other  materials, 

and  coated  with  18  strands  of  iron  vdre,  each 

Section  of  Atlantic        Strand  containing  seven  wires  each  of  No.  22 

Cable,  1867.  guage.    The  manufacture  of  this  cable  was 

commenced  in  February  1857,  and  the  entire 

length  (2,500  miles)  was  finished  in  July  in  the  same  year.    The 

summer  having  been  very  hot,  and  the  cable  exposed,  it  became 

partially  injured.     A  considerable  variation  in  the  conductivity 

of  the  copper  wire  was  observed  during  the  process  of  testing. 

The  expedition  for  laying  this  cable  left  Valencia  on  the  7th  of 
August,  1857,  and  the  cable  continued  to  be  successfully  paid  out 
until  the  nth,  when  it  broke  in  2,000  fathoms  water,  after  about 
335  miles  had  been  laid.  The  dynamometer,  at  the  time  the  cable 
parted,  indicated  a  strain  of  35  cwt.  On  examination,  it  was 
found  that  the  cable  was  injured  either  by  coiling  or  uncoiling,  or 
by  the  original  exposure  to  heat,  and  the  amount  of  leakage  was 
high. 

In  the  spring  of  1858,  two  imsuccessful  attempts  were  made  to 
lay  the  cable,  but  it  was  successfully  accomplished  in  the  summer 
of  the  same  year,  between  the  1 7th  of  July  and  the  5th  of  August. 
On  the  ist  of  September  intelligible  signals  ceased  to  be  received. 

*  We  attribute  {Rqwrt  of  the  •Government  Committee)  the  failore  of  the 
enterprise  to  the  original  desigoTof  the  cable  having  been  faulty,  owing  to 
the  absence  of  experimental  data;  to  the  manufacture  having  been  con- 
ducted without  proper  supervision;  and  to  the  cable  not  having  been 
handled  after  manufacture  with  sufficient  care.  We  have  had  before  us 
Bamples  of  the  bad  joints  which  existed  in  the  cable  before  it  was  laid,  andf 
we  cannot  but  observe  that  practical  men  ought  to  have  known  that  the 
cable  was  defective,  and  to  have  been  aware  of  the  locality  of  the  defects 
before  it  was  laid.* 

-The  Red  Sea  and  India  Telegraph  Company  was  formed-ia 
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1)357-8.    The  cable  con^sted  of  a  strattd  of  copper  wirefli  (Fig. 

364),  weighing  180  pounds  per  nautical  mile,  covered  with  two 

coats  of  gutta-percha^  alternated  with  two  coatings  of  Chatterton'e 

compound,  weighing  iii  lbs.  .per  nautical  mile.    The  core  was 

served  with  hemp-yam  tarred,  weighing  ij 

cwt.  per  nautical  mile,  protected  by  iron  wires  Fig.  364. 

weighing   16  cwt.   per  nautical  mile.     This 

cable  had,  consequently,  the  largest  copper 

conductor,  and  the  best  insulation,  of  any  cable 

made  up  to  that  date.    The  whole  length  of 

the  line  is  3,043  nautical  miles.    The  cable 

was  laid  in  three  sections :  the  first,  from  Suez       Section  of  Red  Sea 

to  Oossire,  255  nautical  miles  in  length;  the  ^***^®- 

second,   Oossire   to  Saukin,  476   miles;   the 

third,  from  Saukin  to  Aden,  629  miles.    This  cable  worked  for  nine 

months,  and  then  failed  a  few  days  before  a  second  section  was 

completed  from  Aden  to  India.    It  was  not  tested  under  water 

after  manufacture,  which  fact,  together  with  the  lightness  of  the 

protecting  iron  wires,  is  sufficient  to  account  for  its  failure  (Jurors^ 

Mepart). 

*■  No  electrical  test  will  ahow  the  presence  of  flaws  in  the  insulating  cover 
of  a  wire  nnless  water  or  some  other  conductor  enters  these  flaws  and  estab- 
lishes  an  electrical  connection  between  the  outside  and  inside  of  the  cable. 
It  is  not  surprising  that  a  few  flaws  are  always  to  be  found  in  every  long 
cable.  It  cannot  be  expected  that  hundreds  of  miles  of  a  thin  soft  covering 
shall  either  be  made  perfect  in  the  first  instance  or  remain  uninjured  while 
being  covered  with  iron  wire,  Whenever,  therefore*  a  long .  cable  has  been; 
submerged  without  having  been  previously  tested  under  water,  defects  have, 
generally  been  detected  shortly  after  submergence.  These  defects,  holes,  or 
flaws  have  then  been  too  often  subjected  to  the  action  of  powerful  batteries 
which,  by  the  heat  and  chemical  action  they  develop,  enlarge  the  fault  and 
cause  the  gradual  but 'sure  destruction  of  the  cable.  The  other  cause  of 
ftilare,  namely,  the  small  size  of  the  wire  Q9#d  to  cover  the  cable,  is  curiously 
connected' with  the  omisaion  of  the  pecessary  test  ui^der  water.  Engineers 
were  afraid  to  keep  these  cables  under  water  during-  manufacture,  lest  the 
light  iroa  wires  should  be  weakened  by  rust  and  break  during  Submergence. 
They  were  kept  dry,  and  in  almost  every  instance  the  cables  were  submerged 
iafely  and,  as  it  was  thought,  successfully.  It  was  supposed  that  after  sub- 
mergence the  iron  wires  might  rust  away  without  danger  to  the  core.  Prei 
cisely  the  contrary  haa  occurred ;  so  long  as  the  iron  wires  lasted  the  cables 
frequently  continued  to  work  in  spite  of  faults  in  the  insulating  cover,  but 
sooner  or  later  the  iron  wires  of  all  these  light  cables  rusted  away  in  parts, 
and  as  soon  as  this  took  place,  they  one  and  all  broke  up  into  short 
[lections. 

*  As  an  additional  security,  several  cables  are  protected  by  a  bituminoas 
covering.  No  engineer  now  thinks  of  allowing  a  cable  to  be  laid  which  has 
not  been  constantly  and. carefully  tested  under  winter.*  ■  ^ 
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In  1854  a  Bubmarind  cable  with  six  condueting  wir^  Wias  laid 
from  Spezzia  to  Corsica,  and  in  the  following  year,  after  two 
unsuccessful  attempts  by  Mr.  Brett,  Mr.  Newall  laid  a  cable  with 
four  conducting  wires,  and  weighing  j  tons  per  mile,  between 
Cape  Spartivento  and  Bona,  in  Algeria,  a  distance  of  125  miles* 
This  has  .since  failed*  Sections  of  this  cable  are  shown  in  figs* 
365  and  366. 

Fig.  366. 
Fig.  J65. 


Cape  Spartlyento  aaad  Bowau  Cape^  Spartiyento  and  Bocuu 

Deep  sea.  Shore  end. 

In  1857  the  Mediterranean  Extension  Company  laid  lines  from 
Cagliari  to  Malta,  and  from  Malta  to  Corfu.     The  line  consisted 
of  a  strand  of  copper  wires  forming  one  conductor,  covered  with 
gutta-percha,  and  protected  by  a  serving  of  tarred  yam  covered 
with  iron  wires.    The  cable  weighed  18  cwt.  per  mile.    The  line 
from  Cagliari  to  Malta  worked  well  for  twelve  months,  when  a  fault 
occurred ;  thk  fault  was  repaired,  and  the  line  worked  again  for 
several  weeks,  when  it  again  failed,  and  has  not  since  been  re- 
stored.   The  line  between  Malta  and  Corfu  is  laid  in  depths  ex- 
tending to  nearly  2,000  fathoms^  it  remained  in  good  working 
order  for  about  a  year  and  three-quarters^  and  then  suddenly  broke 
down. 
Lines  between  tiie  Dardanelles,  Syra,  Candia,  and  Athens^  have 
been  laid  by  Mr.  Newall ;  between  Spain,  Ma* 
Fig.  367.  jorca,  and  Minorca,  by  the  Spanish  Govern- 

ment, manufactured  by  Mr.  Henley.  The  line 
between  Toulon  and  Algiers  was  manufao- 
I  tured  by  Messrs.  Glass  and  Elliot.  It  consista 
of  a  strand  of  copper  wire,  weighing  400  lbs. 
per  mile,  Covered  with  four  coats  of  gutta-^ 
percha,   alternated  with  four  coats  of  Chat- 

ft  ^1     ^  m    1  terton's  compound,  also    weighing    400   lbs. 

Section  of  Toulon  .,  ^    ,     '.^,     ^         ,  °  j 

and  Algiers  oabtek        per  mile,  served  With  tarred  rope,  and  pro- 
tected by  steel  wires,    covered  with   hemp, 
to  prevent  their  corrosion.    Th«^  diameter  of  the  complete,  cable 


Digitized  by 


Google 


DEEP-SEA  CABLES^  425 

is  0*8  inch*  The  core  of  the  Malta- Alexandria  c&hle  (Figs.  368^ 
369,  and  370),  consists  of  a  strand  of  7  copper  wires^  weighing 
400  lbs.  per  nautical  mile^  covered  with  three  coatings  of  gutta- 
percha, alternated  with  three  coatings  of  Chatterton's  compound^ 
also  weighing  400  lbs.  per  nau- 
tical mile.  This  core  is  served 
with  hemp^  saturated  with  tar^ 
and  covered  with  18  No.  11  iron 

Fig.  36S* 


I^g.j69. 


Malta-Alexandria.  Halta-Alexandria. 

Deep  sea.  Shore  ead. 


wires,  for  the  deep-water  pdrtiou,  the  shore  end  being  covered 

with  No.  o  iron  wires.    The  line,  as  originally  devised,  was  to 

have  been  laid  for  500  miles  in  depths  of  from  1,500  to  2,500 

fathoms,  and  the  covering  for  this  portion  was  to  have  been  of 

steel  wires,  each  coated 

with  hemp.    When  the  j.- 

Gibraltar      line     was 

abandoned,    the    steel 

and  hemp  covering  was 

given  up,  and  the  iron 

covering  was   adopted 

for  the  whole  cable.  The 

core  was  manufactured 

at    the    Gutta-percha 

Company's  Works  and 

was  tested  in  water  up  to 

a  pressure  of  600  lbs. 

per  square  inch,  the  air         Malta-Alexandria  Cable.    Longitudinal  view. 
bemg  exhausted  from 
the    tank    before   the 

water  was  turned  in.    The  resistance  and  insulation  of  each  mile 
of  the  cable  were  noted,  and  a  careful  system  of  comparative  tests 
framed. 
The  Conductor  of  the  Atlantic  cable  of  1865  was  formed  of 


Digitized  by 


Google 


^26  SUBMlRraB  TELEGRAPHY. 

eeren  copper  wires/ six  round  one  (Figs.  371  and  37*);  the  con» 
ducting  power  of  the  wires  was  carefully  examined,  and  none 

haying  a  less  capacity  than  85  per 
Fig.  371.  cent,   of  that  of  pure   copper  was 

used.  The  centre  wire  was  first  co- 
vered with  Chatterton's  compound 
so  thickly,  that  when  the  other  six 
wires  forming  the  strand  were  laid 
spirally  round  it,  every  interstice  be- 
came filled,  and  air  excluded.  The 
pore  thus  formed,  next  received 
another  coating  of  Chatterton's  com- 
pound, and  was  then  surrounded 
Atuntic  Cable.  1865.  ^th  a  coating  of  the  purest  gutta- 

I>«ep8ea.  percha,  which  passed  round  it  in  a 

plastic  state  by  means  of  a  very  ac- 
curate die,  and  sheathed  the  core  in  a  continuous  tube.  Ovor  this 
was  again  laid  another  coating  of  Chatterton's  compound,  to  this 
succeeded  a  second  tube  of  gutta-percha,  then  another  coating  of 

Fig.  J7i. 


Atlantic  Cable,  1865.    Shore  end. 

Chatterton's  compound,  and  so  on  alternately  until  the  wire  was 
covered  with  four  coatings  of  gutta-percha,  and  four  of  the  compound. 
The  whole  conductor  was  immersed  in  water  at  75®  Fah.,  in  which 
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it  remaiued  for  26  hours,  and  during  the  time  it  was  constantly  suV 
mitted  to  electrical  tests.  The  perfect  character  of  the  insulation  hay- 
ing been  proved,  the  core  was  carefully  wrapped  with  jute,  which 
had  been  submitted  to  the  action  of  catechu,  and  as  fast  as  the 
wrapping  proceeded  it  was  coiled  in  water,  in  which,  not  only  at 
this  stage,  but  ever  afterwards,  till  finally  deposited  in  the  sea,  the 
cable  was  stowed.  The  wrapping  was  surrounded,  spirally,  by  ten 
wires,  manufactured  from  homogeneous  iron^  each  separate  wire 
being  itself,  in  the  first  instance,  covered  with  tarred  Manilla  yam, 
by  which  the  iron  was  protected,  and  the  specific  gravity  of  the 
mass  lessened. 

The  '  shore  end  *  of  the  Atlantic  cable  was  the  largest  ever  con-* 
structed.  The  core  was  formed  by  the  main  cable,  which  was. 
wrapped  with  a  serving  of  yam  to  a  size  sufficient  to  receive  around, 
it  twelve  strands  of  iron  wire,  each  strand  being  composed  of  three 
galvanized  iron  wires,  each  nearly  a  quarter  of  an  inch  in  diameter. 
The  weight  of  the  completed  shore  end  was  nearly  twenty  tons  to 
the  mile.  Its  diameter  is  2^  inches,  but  at  its  junction  with  the 
main  cable,  it  is  made  to  taper  down  to  the  size  of  the  latter  by  a 
gradual  diminution  in  diameter  extending  over  500  yards.  The 
shore  end  was  laid  out  for  about  twenty-eight  miles  from*  the 
coast  of  Valentia  island,  where  it  reached  water  to  the  depth  of 
zoo  fathoms.  From  Hope^s  Content^  Newfoundland,  about  eight 
miles  of  shore  cable  only  would  have  been  required.  The  weight 
of  the  deep-sea  cable,  according  to  the  company *8  statement,  in 
air,  was  35  cwt.  3  qrs.  per  nautical  mile  of  2,028  yards.  Its  weight 
in  water,  14  cwt.  to  each  nautical  mile,  being  only  a  fraction 
heavier  in  that  medium  than  the  old  cable,  though  bearing  more 
than  twice  the  strain,  that  is  to  say,  it  will  bear  its  own  weight  in 
eleven  miles  deep  of  water.  Its  breaking  strain  was  7  tons  1 5  cwt. 
The  length  of  cable  shipped  on  board  the  Great  Eastern  was 
2,300  nautical  miles;  the  actual  distance  from  the  point  of  depar- 
ture, Valencia,  on  the  west  coast  of  Ireland,  to  the  point,  Heart's 
Content,  in  Trinity  Bay,  Newfoundland,  on  which  it  was  to  have 
been  landed,  being  1,670  nautical  miles. 

As  the  cable  was  finished,  it  was  received  into  enormous  iron 
water-tanks,  constructed  for  the  purpose  at  the  works,  at  Morden 
Wharf,  at  the  rate  of  about  80  miles  per  week.  As  the  tanks 
became  full,  their  contents  were  transferred  to  tanks  placed  on 
board  the  Amethyst  and  Iris,  by  which  vessels  they  were  con- 
veyed to  the  Great  Eastern.  The  great  steamship  was  fitted  up 
with  three  tanks  to  receive  the  cable,  one  situated  in  the  fore 
hold^  51  feet  6  inches  diameter,  by  20  feet  6  inches  in  depth,  its 
capacity  being  for  693  miles  of  cable;  one  situated  nearly  amid^ 
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&IiipS;  5^  feet  6  incbes  broad,  and  26  feet  6  incbes  deep,  bolding 
899  miles  of  cable;  and  one  situated  in  tbe  after  bold,  58  feet 
broad,  and  lo  feet  6  incbes  deep,  and  contained  898  miles;  these 
tbree  tanker  were^  tbexefore,  capable  of  containing  in  all  2^90  miles 
of  cable. 

The  great  ship  commenced  paying  out  the  cable  on  the  evening 
of  the  13rd  of  July,  1865.  At  3*15  A.M.,  on  the  morning  of  the 
14th,  when  84  miles  of  cable  had  been  paid  out,  Thomson's  Marine 
Galvanometer  (146),  the  instrument  used  in  the  system  employed 
in  testing,  showed  a  serious  fault,  which,  discovered  at  9  A.1C. 
on  the  25th,  was  found  to  have  arisen  from  a  piece  of  wire 
of  the  same  kind  as  that  used  in  the  protecting  strands  of  the 
cable  itself  havii^  been  forced  through  the  outer  covering  of  the 
cable  into  the  guttarpercha  so  as  to  injure  the  insulation.  Measures 
Were  at  once  taken  to  make  a  new  splice  and  joint,  the  cable  that 
bad  been  picked  up  being  rejected,  as  a  good  deal  of  it  had  been 
strained  in  the  process.  After  a  detention  of  some  twelve  hours, 
the  pa3ring  out  machinery  was  again  put  in  action,  but  not  more 
than  half  a  mile  had  been  paid  out  when  suddenly  all  communi- 
cation between  the  ship  and  the  shore  ceased ;  no  fault  had,  how* 
ever,  occurred,  the  interruption  in  the  signalling  being  accounted 
for  by  the  electricians  by  the  supposition  that  the  order  of  the  testa 
had  become  deranged  whilst  the  splices  were  being  made  cm 
board*  After  a  detention  of  37  hours,  the  operation  of  paying  out 
the  cable  was  resumed.  After  about  71 6>  nautical  miles  had  been 
paid  out,  '  dead  earth  '  was  found,  or,  in  other  words,  there  was  « 
complete  destruction  of  insulation,  and  an  uninterrupted  escape  of 
the  current  into  the  sea ;  the  injuiy  was  close  to  the  ship,  and 
proved  to  have  been  occasioned  by  a  piece  of  iron  wire,  '  bright  as 
if  cut  with  nippers  at  one  end,  and  broken  off  Bhont  at  the  other,' 
driven  right  through  the  centre  of  the  coil  so  as  to  touch  the  inner 
wires ;  this  wire  was  found  to  have  the  same  thickness  as  the  wire 
used  in  making  the  protecting  cover  of  tiie  cable* 

In  the  early  morning  of  August  2  (about  8  A.M.),  when  within 
a  few  miles  of  the  very  deepest  part  of  the  Atlantic  plateau, 
another  bad  fault  was  detected,  and  as  the  cable  was  being  slowly 
picked  up  it  parted,  in  latitude  51°  25',  longitude  39®  6',  1,062*4 
miles  from  Valentia,  and  606*6  miles  from  Heart's  Content. 
Several  attempts  were  made  to  recover  the  cable,  but  without 
success ;  and  at  the  present  moment  more  than  1,000  miles  of  it 
lie  dead  at  the  bottom  of  the  Atlantic,  at  a  depth  of  upwards  of 
2,000  fathoms. 

The  following  is  a  tabular  statement  of  the'principal  deep-sea 
cables  that  had  been  laid  up  to  April  1861 : — 
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Lenffth 

in 

Owner  ^f  Line 

Miles 

Athens  to  Syra  and  Scio 

«       • 

117 

Greek  Government 

Atlantic 

•       • 

A,200 

AtlanticTelegraphCompany. 

Barcelona  to  Mahon     » 

t       • 

180 

Spanish  Government. 

f  Mediterranean  Extension 

(     Telegraph  Company. 

Corfu  and  Otranto 

60 

DardaneUes  to  Scio  and  Caodia,  T 
from  Scio  to  Smyrna ,        .       1  * 

5H 

Levant  Telegraph  Company. 

Iviza  to  SL  Antonia      . 

•       • 

76 

Spanish  Grovernment. 

Iviza  to  Majorca   . 

•  ^       ^ 

l\ 

»              » 

Newfoundland  and  Cape  Breton   . 

Iff              »• 

Red  Sea— 

"^ 

Suez-Cossaire    .       , 

294 

Cossaire-Suakin,       •   , 
Suakin-Aden     .        * 
Aden-Kooria  Mooria. 

545 

3499 

<  Red  Sea  and  India  Tele- 
graph  Company, 

Kooria  Mooria- Muscat 

559 

Mascat-Kurrachee     . 

^« 

Sardinia  and  Malta,  and  Malta) 

F  Mediterranean  Telegraph 
1     Extension  Company, 

and  Corfu  .        •        • 

.      / 

700 

Sicily  and  Malta  .        , 

•       • 

70 

ft              *> 

,       , 

no 

French  Government, 

Sardinia  and  Bona  (Oagliari  to) 
Galeta)      .        •       .       ,      / 

"5 

•  »              »  • 

Toulon  and  Algiers      , 

• 

480 

w              If 

5,290 

SUtHstics  of  Deep-9ea  Cables  —  (Jenkin,  Cantor  Lectures,)  — 
Excluding  the  i^ooo^  miles  in  abeyance  under  the  Atlantic^  and 
the  cable  lost  in  the  first  experimental  trips  in  the  Atlantic,  only 
some  500  or,6po  miles  of  cable  have  been  lost  during  laying. 
About  9,000  miles  have  been  laid  and  worked  for  a  little  while, 
but  are  no  longer  working.  From  700  to  850  miles  are  now  at 
work,  but  much  of  this  is  in  no  great  depth.  The  Barcelona- 
Mahon  cable,  believed  still  to  be  at  work,  although  faulty,  is  in- 
cluded in  the  list.  There  is  but  one  quite  sound  cable  lying  at 
work  in  more  than  1,000  fathoms,  viz.,  that  between  Sardinia  and 
Sicily,  24.3  miles  long.  One  section  of  the  Malta-Alexandria  cable 
is  in  4.20  fathoms,  and  has  never  shown  any  deterioration.  Cables 
laid  in  less  than  1,000  fathoms,  would  now  hardly  be  considered 
as  deep-sea  cables,  but  formerly  a  depth  of  300  or  400  fathoms 
was  thought  sufficient  to  entitle  a  cable  to  be  put  in  this  class. 
, ,  A-  cable  t6  be  laijd  in  a  deep"  sea  must  of  course  be  strong,  both 
absolutely,  a^d  relatively  tp  its  weight  in  '^ater;  it  niust  ,be  light, 
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or  the  great  lenj^hs  required  cannot  be  conveniently  carried ;  it 
must  not  be  liable  to  stretch,  and  it  must  coil  well,  and  be  paid 
out  easily.  The  lighter  forms  of  cable  used  first  for  deep  secis,  as 
for  example  the  Red  Sea  cable,  and  the  first  Atlantic,  were  gene^ 
rally  successfully  laid,  but  were  not  permanently  successful,  com- 
munication generally  ending  within  a  year ;  the  principal  causes 
of  failure  being  bad  guttarpercha  joints,  bad  copper  joints,  injuries 
to  the  insulator  before  the  cable  was-  laid,  high  battery  power 
burning  small  faults  into  big  ones  and  eatii^  away  the  copper, 
and  lightning,  from  which  they  were  often  unprotected. 
Among  the  proposed  forms  of  deep-sea  cables  may  be  mentioned 


Pig.  373. 


'     Fig.  374. 


Allan's,  shown  in  section  in  Fig.  373,  and  in  longitudinal  view  in 
^g*  374*    ^he  principal  feature  in  this  cable  is  the  absence  of  an 

outer  covering  of  wire,  the  gutta- 
Pi«»  375«  Fi«'  376.  percha  -  covered     wire     being 

#jgm^^  strengthened  by  a  layer  of  smaii 

iy^Bp^         steel  wires  round  the  copper  con- 
i^^Hrlf         cluctor,  which  is  0*114  ii^ch  in 
\^^^/         diameter,  and  weighs  140  lbs.  per 
^<^i^^^  knot    The    steel   wires,    19  in 

number,  are  0*02  inch  in  diameter, 
weighing  about  120  lbs.  per  knot  Siemens's  cable,  a  section  of  the. 
copper  conducting  core  of  which  is  shown  in  Fig.  375,  a  section  of 

Fig.  377- 
C 


^m^^^^ 


the  cable  itself  in  Fig.  376,  and  a  longitudinal  view  in  Fig.  377. 
In  this  cable  the  ircm  wires  are  omitted  altogether,  and  another 
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material;  considered  more  durable,  is  substituted.  The  core  is  sur* 
rounded  with  two  layers  of  hempen  strands  c  c  (Fig.  377),  laid 
on  under  considerable  tension.  Three  or  more  strips  of  copper  or 
brass  e  e,  about  0*01  inch  thick,  are  then  bound  round  these 
strands,  while  they  are  still  stretched  by  the  tension ;  and  this 
copper  or  brass  sheathing  grips  the  hempen  cords  tightly,  so  that 
they  cannot  contract  loujgitudinally  after  leaving  the  machine. 
By  this  construction,  a  cable  is  obtained  which  is  extremely  light 
and  fitrong ;  thus  a  cable  f  inch  diameter  bears  a  strain  of  1 5  cwt 
before  breaking,  and  stretches  only  0*8  per  cent,  its  length  under 
a  load  of  half  the  breaking  strain.  The  weight  of  the  copper  con- 
ductor of  this  cable  is  550  lbs.  per  knot,  the  diameter  of  the  core 
0*52  inch,  and  that  of  the  completed  cable  0*75  inch. 

As  a  protection  against  rust,  Chatterton  proposed  to  cover  each 
of  the  outer  wires  separately  with  gutta- 
percha. ^  A  cable  of  this  make  is  shown  Fig.  378. 
in  section  in  Fig.  378,  with  strands  com- 
posed of  three  iron  wires  instead  of  single 
wires  in  the  sheath,  and  except  on  the  score 
of  expense,  it  seems  well  adapted  to  the 
purpose.  It  has  been  proposed  also  to  pro- 
tect the  iron  wires  by  vulcanite  applied 
either  as  a  general  coating  or  to  each  wire 

separately.  Chatterton'B  Cable. 

The  general  conclusions  arrived  at  by 
Fleeming  Jenkin  with  respect  to  submarine  cables  are  {Cantor 
Lec^xre^ : — 

'That  in  thallow  seas,  by  la^'ing  strong  and  heavy  cables,  we  can  insure 
and  have  obtained,  success,  both  from  an  engineering  and  a  commercial 
point  of  view ;  that  in  deep  seas  we  have  hitherto  failed,  but  that  success  is 
not  unattainable,  and  may  probably  be  reached  by  various  methods,  while 
in  shallow  sfeas,  where  repairs  are  possible,  cables  can  hardly  ever  be  laid 
too  heavy,  or  at  too  great  an  expense ;  in  deep  seas,  where  repairs  will 
always  be  precarious,  they  cau  hardly  be  laid  too  light  or  too  chei^.' 

(228)  Tlie  Conductor  of  tba  Submarine  Cable. — ^The  best 
material,  and  the  one  that  is  always  used,  is  copper.  Iron,  though 
cheap  and  strong,  has  so  low  a  conductivity  that  its  sectional  area 
must  be  increased  five  or  six  tindes ;  that  is,  ^^^  or  six  times  the 
weight  of  material  has  to  be  employed  to  bring  its  conducting 
capability  up  to  that  of  copper.  .  But  the  conductivity  of  copper  is 
affected  in  a  surpriang  manner  by  the  presence  <rf  foreign  sub- 
stances, as  is  shov^n  by  the  following  ti^le  by  Dr.  Matthiessen 
(Sq^ort  qfthe  Submarine  Tekfjfraph  ComtMUee) : — 
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Gonduetizig 

1 

Power  of 

Tempera- 

Sabstanoes Allowed  ivtUi  Fnre  Copper 

Alloy,  Pure 

ture, 

Copper 

Centigrade 

being  100 

Carbon— 

Copper  with  0*5   per  cent  of  carbon  .       • 
Copper  with  o'lS  per  cent,  of  sulphur        « 

77-87 
9z*o8 

18-30 
19*4 

7034 
24x6 

20X> 

ft            '95           n              »f           •       . 

22*1 

*•          25             M              n           .       . 

7*5* 

J7  5 

Arsenic- 

Copper  with  traces  of  arsenic     •       •       ,       . 

60^ 

197 

M          2-8   per  cent  of  arsenic . 

13-66 
6-4» 

J2:| 

M          5*4          »              »     •       •       • 

Zinc— 

Copper  with  traces  of  zinc 

88-41 

19X) 
i6-8 

„          1-6   per  cent  of  zinc      • 

79*37 

3»           »           „        .        .       . 

59-23 

10-3 

/rrm — 

Copper  with   *a8  per  cent  of  iron      . 

35*9* 
2801 

1 1*2 

13*1 

rin— 

Copper  with  1*33  per  cent  of  tin 

5044 

16-8 

»            2'5»           »»            „          .         .         . 

33*93 

171 

>f          4*9           n          „        .       •       • 

20-24 

14-4 

Si/tt»— 

Copper  with  viz  per  cent  of  silver  . 

0O-34 
82-52 

207 

^  ..     "          2-45         „              „      .       .       . 

197 

Go^d—     . 

Copper  with  3*5   per  cent  of  gold     , 

67-94 

181 

Aluminum — 

Copper  with  10  per  cent,  of  aluminum 

12-68 

140 

The  addition  of  a  small  quantity  of  lead,  or  of  tan  (o*i  percent), 
to  copper  containing  suboxide  obtains  a  purer  metal,  and  conse^** 
quently  improves  its  conducting  power. 

Different  commercial  coppers  vary  also  greatly  in  their  conduct- 
ing power.    Thus  pure  copper  being  100,  Matthiessen  found— 

Spanish  (Bio  Tinto)  to  be  14-24  at  14-8°  cent 

Russian  •        .        .    59-34  „  127    „ 

Australian      •       •       •    88*86  „  14*0    „ 

American       •        .        .    92*57  >,  150    „ 

Bright  Copper  Wire      .  '7227  „  157    „ 

Tough  Copper       .        ,    7103  „  17-3    ^ 

It  appears  from  this  table  that  Bio  Tinto  copper  possesses  no 
better  conducting  power  than  iron.  Of  the  various  impurities 
present  in  commercial  coppers,  the  suboxide  of  copper  appears  to 


Digitized  by 


Google 


THE  CQKDUCTOR  OF  THE  SUBMABINB  CABLE.   433 

be  th«  most  injurious,  the  conducting  power  of  the  metal  being 
diminished  by  it  in  one  case  as  much  as  28  per  cent.  There  is  no 
substance  which,  when  added  to  copper,  increases  its  conducting 
power,  and  it  is  scarcely  practicable  to  obtain  the  metal  perfectly 
pure ;  nevertheless,  it  is  highly  important  that  the  best  and  purest 
should  be  used  in  submcu'ine  cables.  An  increase  of  10  per  cent, 
in  the  conductivity  of  the  metallic  core  of  a  cable  is  equivalent  to 
an  increase  of  10  per  cent,  in  the  number  of  messages  that  may  be 
transmitted  through  it  in  a  given  time.  The  conductor  Af  a  cable 
ia  not  usually  a  single  solid  wire,  but  a  strand  of  several  wires 
(from  three  to  seven).  This  entirely  removes  the  serious  defect  to 
which  a  solid  wire  would  be  liable,  that,  namely,  of  breaking  after 
being  bent  'a  few  times ;  and  as  conduction  takes  place  through 
the  mass,  and  not  along  the  surface,  a  strand  and  a  solid  wire  of 
equal  weights  are  equally  good  conductors.  The  joints  of  the  con- 
ductor are  made  by  soldering  together  two  filed  and  fitted  ends ; 
this  joint  is  wrapped  round  with  fine  copper  wire  to  strengthen  it^ 
and  solder  is  again  run  roimd  this  wire ;  a  second  wrapping  of  fine 
copper  is  then  applied  and  left  without  solder. 

When  the  current  from  the  battery  escapes  from  a  hole  in  the 
insulator  into  the  sea,  chemical  action  is  set  up,  and  soluble  chlo- 
ride of  copper  is  formed ;  the  metal  is  thus  gradually  eaten  away, 
and  metallic  continuity  interrupted.  The  current  from  the  nega- 
tive end  of  the  battery  tends  to  the  formation  at  the  fault,  of  the 
alkali  soda,  which  causes  a  greater  leakage  by  enlarging  the  hole 
in  the  gutta-percha.  Mr.  Varley  has  proposed  to  maintain  the 
metallic  continuity  by  twisting  up  a  fine  platinum  wire  with,  the 
copper  strands  of  long  cables. 

;  The  strength  of  a  gutta-percha  covered  wire  is  very  great 
When  5  cwts.  were  hung  from  the  slender-looking  core  of  the  new 
Atlantic  cable,  it  stretched  some  10  per  cent.,  but  when  subse- 
quently examined,  the  copper  conductor  appeared  quite  undisturbed 
in  the  centre  of  the  gutta-percha,  which  exhibited  no  traces  of 
injury  (Fleenmg  Jenkin). 

The  conducting  power  of  the  copper  wire  intended  for  the  core 
of  the  cable  is  determined  by  means  oiWhesAatoue' a  par alleloff ram 
or  bridge  (no),  with  which  measurements  can  be  made  without 
an  error  of  one  part  in  100,000,  and  the  resistance  of  all  wires  may 
be  compared  with  a  common  unit ;  in  practice,  however,  it  is  conr 
venient  to  be  able  to  calculate  beforehand  what  the  resistance  of 
a  given  wire  ought  to  be,  and  for  this  purpose  it  will  be  suffi- 
cient to  know  the  resistance  of  some  one  wire  of  known,  dimen- 
sions, the  resistance  of  all  other  wires  can  then  be  simply 
^ailculated,  since  that  resistance  is  directly  proportionid  to  the 
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length,  and  inversely  proportional  to  the  section  of  the  wire.  In 
the  following  tahle.  Dr.  Matthiessen  has  given  the  specific  resist- 
ance in  B  A  units  (114)  of  metals  and  alloys  at  o^  centigrade : — 


Name  of  Ifetalt 


Silver  annealed  . 
„     hard  drawn 

Copper  annealed 
„       hard  drawn 

Gold  annealed    . 
„    hard  drawn 

Altuninum  annealed 

Zinc  pressed  .    . 

Platiuam  annealed 

Iron  annealed     . 

Nickel  annealed. 

Tin  presaed    .    . 

Lead  pressed.    . 

Antimony  pressed 

hismath  pressed 

Mercury  liquid  . 

Platinum  Silver  Alloy, "\ 
hard  or  annealed,  f 
used  for  the  B  A  re-  T 
sistance  units ,    .     .  J 

German  Silver,  hard  or  \ 
aniieoled,  commonly  f 
used  for  resistance  ^ 
coils  ......  J 

Gold  'dilrer  Alloy,  two  1 
p«irts  gold,  one  part  f 
silver,  hard  or  an- 1 
nealed ) 


it 

Ji- 
ll! 


ii 

|6 

'^  at 


0-2214 
0-2421 
02064 
0'2I06 

05849 
05050 

0  00522 

05710 

3536 

1-2425 

10785 

3236 
3324 

18746 


4243 


2-652 


i\m 


°  '^9 

0*14^ 
0*1469 
04080 
04150 
005759 
0-3983 
2-464 

08666 
0*9184 
2-257 
23295 
2525 
13071 

2956 


1-850 


9.936 
9151 
9718 
9940 
12-52 
1274 
17-72 
32-22 

5509 
5910 

119-39 
21600 
7980 
600Q 

14835 


O  9 


I' 


11 
§ 


001937 
002103 
002057 
0*02104 
002650 
002697 
00375* 

ai25i 
01604 
01701 
02527 

1*270 

0-3E4Q 


127*32     aa695 


It 

^§2 


I 


2-391        1 668 


6610 


01399 


0377 
or788 
0365 

0-365 


0365 
0-387 
0389 
0354 

ao3i 


0-044 


Q065 


The  following  is  an  example  of  the  use  of  this  table.  Let  it  be 
required  to  know  the  resistance  at  o^  of  a  conductor  of  pure 
hard  copper,  weighing  400  lbs.  per  knot.  This  is  equivalent  to 
460  grains  ^er  foot;  The  resistance  of  a  wire  weighing  one  grain 
per  foot  is  shown  by  the  table  to  be  0*21 06^  therefore  the  resist- 


ance of  a  foot  of  wire  weighing  460  grains  will  be 


0*2106 
460 


but  the 


resistance  of  one  knot  will  be  6,087  times  that  of  one  foot^  hence  the 

resistance  required  will  be     Q  ^^J^'^'*^^  =  2*79  units.     If  the 

460 

diameter  of  the  wire  be  given  instead  of  its  weight  per  knot,  the 
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Calculation'  is  still  simpler,  and  the  constant  for  Knglish  nieasH^s  ^ 
would  be  taken  from  the  third  column  of  the  table.     Thus  the 
resistance  at  o°  of  a  knot  of  pure  hard-drawn  copper  wire  o*i  indi 

cliameter  would  be    °  ^  ^^  ^'*'  =  6*05.    Annealing  wires  materi- 
1062  «        . 

sdly  alter  their  resistance ;  a  rise  of  temperature  increases  the 
resistance  of  all  metals ;  and  it  results,  from  thQ  observations  of 
Matthiessen,  that  for  all  pure  metals  the  increase  of  resistance 
between  0°  and  100°  C.  is  sensibly  the  same.  The  resistance  of 
alloys  is  very  much  greater  than  the  mean  of  the  metals  composing; 
them.  They  cannot,  therefore,  be  profitably  used  for  cables, 
though  they  are  very  useful  in  the  construction  of  resistance  coils, 
since  not  only  are  coils  of  great  resistance  made  of  small  bulk  by 
their  use  but  these  coils  are  much  less  altered  by  a  chapge  of 
temperature  than  if  made  of  simple  metal. 

The  following  are  some  of  the  points  to  be  attended  to  in  mea- 
suring the  resistance  of  conductors  (F.  Jenkin^  Cantor  Lectures). 
All  the  resistance  coils  should  be  wound  double,  so  that  jthe  current 
may  pass  both  ways  round  the  coil  equally  5  this  prevents  self- 
induction,  a  disturbing  element.  Care  must  generally  be  taken  in 
Using  the  tVheatstone  balance  to  cdnnect  first  the  battery,  and  then 
the  galvanometer.  The  battery  must  be  left  connected  for  tfee 
shortest  possible  time  to  avoid  heating  the  wires  ,*  special  precau-» 
tions  must  be  taken  to  avoid  resistances  at  connections,  which  are 
often  considerable.  The  resistance  of  the  wires  composing  the 
balance  should  not  differ  too  greatly  from  that  to  be  measured ; 
short  wire  galvanometers  answer  best  for  short  wires ;  long  wire 
galvanometers  for  long  vnres.  One  cell  of  large  surface  generally 
gives  better  results  than  large  batteries ;  the  temperature  of  the 
wire  to  be  measured,  and  that  of  the  resistance  coils,  should  be 
Accurately  observed.  Practically,  the  copper  of  a  cable  is  tested 
before  it  is  used,  to  ascertfun  whether  its  quality  is  equal  to  that 
specified.  When  a  knot  of  wire  is  covered,  it  is  again  tested  for 
resistance,  to  insure  that  the  proper  quantity  and  quality  of  wire 
has  been  used;  finally,  after  the  cable  is  covered,  the  resistance 
test  serves  to  check  the  length  of  the  cable  in  circuit;  to  insuriB 
that  the  conductor  is  in  no  point  interrupted,  and  that  the  tem- 
perature in  the  tank  is  not  higher  than  it  should  be. 

(2*9)  Tlie  Znaolator. — ^The  object  of  surrounding  the  pen- 
ducting  wire  of  the  submarine  cable  with  an  insulating  substancie 
is  to  prevent  any  serious  proportion  of  the  voltaic  current  from 
being  diverted  to  the  sea  near  the  conductor.  The  insulator  acts 
the  part  of  the  pipe  directing^  and  containing  the  current ;  the 
eopper  core  acts  more  nearly  the  part  of  the  vacant  space^  allowing 
•  fp2    ■  -     •  -^  •■'.   ■'  ••  • 
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tbe  current  to  pass,  and  retarding  it  only  by  friction.    But  na 

material  known  except  dry  air  will  perfectly  contain  electricity ; 

some   leakage,    indicated  by  a  current,  always  occurs;  but  the 

relative  resistance  to  conduction  with  equal  bulks 

Fig.  379.  o^  gutta-percha  and  copper  is  as 

6o,ooo,ooQ,ooo,ooo,ooo,ooo,  or  6x  10"  to  i. 
A  better  idea  of  the  vastness  of  this  num- 
ber will  be  obtained  by  observing    that  light 
would  take  a  century  to  travel  through  the  num- 
ber of  feet  which  that  number  would  express 
{F.  Jenkm),    The  practical  degree  of  this  de- 
gree of  insulation  with  the  Atlantic  core  is  that 
more  than  99 1  per  cent,  of  the  ctirrent  leaving 
England  would  reach  America  if  the  cable  were 
but  laid;   any  improvement  in  insulation  will 
thei*efore  only  go  to  diminish  this  half  per  cent, 
loss,  in  itself  of  no  consequence  whatever.    India- 
rubber  has  a  higher  resistance  stilL     The  chief 
advantage  of  a  high  resistance  is  the  facility  it 
affords  for  detecting  faults.    The  simplest  test  of 
the  soundness  of  an  insulator  is  to  co^inect  one 
end  of  the  conductor  a  (Fig.  378)  with  one  pole  of  a  battery,  z, 
the  other  pole  of  which  is  joined  to  the  water  surrounding  the 
insulated  wire  in  the  tank  t.     If  a  galvanometer,  o,  be  placed 
between  the  battery  and  the  conductor,  and  the  other  end  of  the 
conductor  insulated,  any  current  producing  a  deflection  in  the 
galvanometer  must  pass  through  the  sheath  from  the  copper  to 
ihe  water.     Such  a  current  is  often  called  a  leakage.    With  a 
battery  of  known  strength,  and  a  galvanometer  with  which  the 
observer  is  already  well  acquainted,  the  greater  or  less  deflection 
of  the  galvanometer  needle  will  often  be  sufficient  to  show  whether 
this  leakage  is  so  excessive  as  to  indicate  a  flaw  in  .the  insulator 
connecting  the  water  with  the  copper.    The  test  is  a  rade  and  im- 
perfect one,  but  it  may  be  made  to  express  with  some  accuracy 
the  resistance  of  the  insulator  in  the  same  units  as  those  used  for 
the  conductor  (see  Fleeming  Jenkm^s  Cmttor  Lectures  on  Submarme 
Telegraphy  J  \Qci\iTe  iv. ;  Joum,  Soc,  AriSy  Feb.  23,  1866). 

(230)  Tlie  Xnsnlatinr  Properties  of  BilTerent  2lC&terlals« 
— X.  Qtdtchpercha, — When  pui-e  and  dry,  this  is  one  of  the  best 
insulators  known,  but  as  a  material  for  covering  submarine  con- 
ductors, it  has  serious  defects  in  practice ;  it  gets  soft  by  heat, 
and  is  then  readily  injured;  it  absorbs  oxygen  from  the  air,  and 
becomes  converted  into  a  brittle  resin,  which  easily  cracks.  Thia 
change  goes  on  in  dry  earth,  and  to  a  ceitain  extent  in  fresh  yraXeTp 
but  apparently  not  in  salt  water*    Its  most  serious  practical  defect 
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is,  thkt,  after  being  submerged  in  an  apparently  perfect  condition^ 
nnd  after  working  well  for  some  time,  minute  faults  become 
apparent,  which  gradually  increase  in  magnitude,  eventually  Ten* 
during  the  cable  useless.  Lightning  has  frequently  occasioned 
the  destruction  of  cables.  Gutta-percha  is  easily  perforated  even 
by  sparks  from  an  electrical  machine,  and  a  battery  of  500 
cells  will  do  the  same  in  a  few  minutes.  But  the  manufacture  of 
gutta-percha  has  been  greatly  improved  of  late;  the  special 
varieties  prepared  by  the  Gutta-percha  Company  almost  rival 
india-rubber  in  insulating  power,  and  possess  a  specific  inductive 
capacity  25  per  cent,  less  than  the  ordinary  gutta.  A  mix- 
ture of  alternate  layers  of  guttarpercha  and  Chatterton^s  com- 
pound is  an  extremely  perfect  insulator,  but  it  has  the  disadvantage 
of  softening  by  heat,  so  that  it  will  not  stand  hot  climates.  When 
gutta-percha  is  mixed  with  imperfectly  conducting  substances, 
such  as  pounded  cocoa-nut  shell,  or  in  the  material  known  as 
Godefroy*a  compound,  the  eifect  is,  according  to  Wheatstone*8 
experiments  {Report  of  Submarine  Tdet/raph  Committee),  greatly 
to  reduce  the  insulation  and  to  increase  the  induction ;  so  also  the 
interposition  of  cotton  between  two  layers  of  gutta-percha,  as  in 
Hearder^s  cable,  is,  according  to  the  same  authority,  equally  dis-* 
advantageous. 

2.  India-rubber^ — ^From  its  cleanness  and  purity,  its  high  non- 
conducting power,  and  its  low  specific  inductive  capacity,  this  is 
admirably  adapted  for  telegraphic  purposes.  It  bears  a  tempera- 
ture of  2 1 2^  with  impunity.  There  are  two  varieties  of  india-rubber 
met  with  in  commerce.  The  East  India  gum,  which  is  the  cheapei^ 
is  apt  to  become  sticky  by  exposure  to  the  air,  and  is  not  therefore 
adapted  for  telegraphic  purposes ;  the  Para  gum,  the  well-known 
bottle  india-rubber,  is  much  more  durable,  and  is  an  excellent  in- 
sulator. The  substance  known  as  vulcanised  india-rubber  exists  in 
two  very  distinct  forms,  viz.  highly  elastic^  and  in  the  form  of  a 
hard,  black,  brittle  substance,  capable  of  taking  a  high  polish,  and 
known  under  various  names,  such  as  vulcanite,  ebonite,  and  car" 
bonised  caoutchouc.  If  not  adulterated  with  conducting  substances, 
it  is  in  all  forms  a  highly  perfect  insulator,  and  in  the  foim  of 
vulcanite  it  is  not  inferior  to  pure  caoutchouc.  It  IeT  fast  super- 
seding ivory  and  glass  for  electrical  purposes  and  for  electrical 
machines.  It  does  not  readily  attract  moisture  to  its  surface  like 
glass ;  but  when  exposed  to  the  weather,  it  constantly  gives  oiF 
sulphur,  and  its  surface  in  the  course  of  time  becomes  porous  and 
absorbs  water ;  were  it  not  for  this  defect,  it  would  be  of  great 
value  for  telegraphic  insulation.  The  elastic  variety  is  permanent 
under  water,  though  not  at  all  durable  when  exposed  to  the 
weather. 
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.  ..  =3.  Wray*s  compound, — ^Thi«  is  a  mixture  of  shell-lac,  india- 
nibber,  and  powdered  silica  and  alumina,  with  about  one-ninth 
of  ^tta-percba.     Prom  its  admirable  insulating  properties,    its 

vlow  induetiTity,  its  toughness,  strength,  and  elasticity,  and  its  not 
being^  softened  bj  any  climatic  temperature,,  Clark  places  it  at  the 
head  of  all  materials  known  for  the  insulation  of  long  submarine 
cables,  nor  has  any  drawback  to  its  use  as  yet  been  discovered. 
For  the  insulation  of  cables,  a  combination  of  two  or  three  materials 
offers  Advantages  which  no  one  material  can  insure  alone.  The 
first  layer  next  the  copper  conductor  should  be  a  thin  strip  of  pure 
cut  para-rubber,  then  layers  of  masticated  rubber,  applied  by 
Silver's  process,  then  a  covering  of  gpitta-percha,  or,  perhaps  better, 
of  Wray's  compound ;  or  the  first  layers  might  be  of  Wray's  com- 
pound, and  the  outer  coating  of  gutta-percha.  By  either  of  these 
plans,  the  benefits  are  obtained  of  the  high  insulating  properties, 
and  low  specific  inductivity  of  caoutchouc  and  its  compounds ;  and 
fipom  the  perfection  of  the  insulation,  the  most  minute  defect  of 
manufacture  would  be  readily  detected. 

'  Each  successive  layer  of  insulator  on  the  cable  has  less  influence 
than  the  preceding.  By  doubling  the  thickness  of  the  coating,  we 
d^d  OQt  doiible  its  insulation,  or  in  other  words  halve  the  leakage. 
No  thickness  will  altogether  prevent  conduction ;  and  whatever 
quantity  of  gutta-percha  may  be  put  on,  the  cable  can  never  be 
•made  a  perfect  insulator. 

Let  S  be  the  exterior  sarface  of  the  cable ;  t  the  area  of  the  interior  snrface 
oflhe  insalator  in  contact  with  the  condacting  wire;  t  the  thickness  of  the 
coating;,  the  conduction  will  vary  na  the  mean  sectional  Area  of  the  outer 
and  inner  surfaces  divided  by  the  thickness 

2_ 

Insulators  have  their  conductivity  increased  by  heat,  whereas 
metals  have  their  conductivity  impaired  by  heat ;  both  properties 
are  obviously  against  telegraphy  in  hot  climates.  In  gutta-percha 
the  increase  of  conductibility  and  consequent  leakage  of  the  cable 
is  seriously  great  in  tropical  climates ;  but  the  insulation  of  an 
insulator  is  greatly  increased,  that  is,  its  conductivity  is  greatly 
diminished  by  pressure,  though  the  improvement  ceases  when  the 
pressure  is  removed.  The  conductivity  or  leakage  of  a  gutta«r 
percha  cable  is  diminished  if  a  positive  current  be  applied  for  some 
time;  but  it  is  increased  by  the  continual  action  of  a  negotioe 
current.  To  this  fact  no  satisfactory  explanation  has  been  given 
(^Latimer  Clark). 

i(2}i)  VenetratioB  of  Slectrlcitj  into  Blelectrleo.  —  This 
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phenomenon,  which  is  a  joint  effect  of  in^^iction  and  conduction, 
is  identical  in  character  with  the  well-known  residual  charge  in 
Leyden  jars.  It  is  in  fact  induction  within  the  substance  instead' 
of  on  the  surface.  It  doubtless  has  considerable  influence  on  the 
speed  of  transmission  in  telegraphy!  From  an  extensive  series  of 
experiments  on  the  insulation  of  various  resins,  gums,  liquids,  and 
vitreous  substances  alone  and  in  combination,  Clark  and  Hughes 
(JRep&rt  of  the  Subtnarme  Tdeyraph  Committee)  arrived  at  the 
singular  conclusion  that  each  dielectric  has  a  different  law  of  in^ 
duction  with  relation  to  distance,  forming  a  law  of  specific  inductive 
capacity  different  from  that  of  Faraday.  According  to  this  view^ 
the  amount  of  induction  through  plates  of  different  thickness  will 
in  one  material  vary  inversely  as  the  square  of  the  thickness,  and 
in  another  substance  it  will  vary  according  to  some  totally  different 
power.  If  this  should  be  established,  it  will  be  of  gi*eat  import- 
ance intelegi-aphy.  ^ 

(232)  THe  Bztemal  Vroteetlon.  —  The  insulated  core  is 
generally  covered  with  strands  of  hemp  or  jute,  laid  or  spread 
round  it,  to  serve  as  a  pad  or  protection  against  pressure  from  the 
iron  wires  afterwards  applied.  This  covering  is  called 'serving^ 
the  cable.  When  several  insulated  wires  to  transmit  distinct 
simultaneous  messages  are  included  in  one  cable,  they«are  laid  in 
a  long  strand  with  hemp  between  them  to  form  a  circular  core  ; 
this  hemp  is  called  the  '  worming.'  The  hemp  is  usually  tanned 
to  preserve  it  from  decay;  and  it  is  sometimes  laid  on  wet  to 
facilitate  the  detection  of  any  accidental  injury  to  the  gutta-percha, 
Unfortunately,  both  hemp  and  jute  decay  rapidly  in  water,  and 
when  exposed  are  apt  to  be  eaten  away  by  marine  animals,  some 
'  kinds  of  which  have  been  found  in  the  Mediterranean  in  depths  of 
1,200  and  1,600  fathoms. 

The  served  core  is  commonly  protected  by  iron  wire',  laid  round 
and  round  in  a  long  helix,  and  abutting  one  against  another,  so  as 
to  present  the  appearance  of  an  iron-wire  rope.  In  the  early 
cables  the  iron  wire  was  generally  galvanized,  and  its  durability 
was  thereby  increased  to  a  moderate  extent ;  but  iron  is  by  no 
means  a  durable  material  even  when  galvanized,  and  when  the 
cable  lies  upon  rocks  exposed  to  the  constant  flow  of  water,  or 
where  the  mud  or  sand  contains  peculiar  constituents  destructive 
to  iron,  a  few  months  of  submersion  have  been  known  to  destroy 
the  metal  completely.  To  avoid  this  corrosion,  the  iron  is  usually 
coated  with  hemp,  and  this  again  covered  with  tar  or  some  other 
protecting  material.  The  silicated  bituminous  compound  suggested 
by  Bright  and  Clark,  applied  over  the  wires,  affords  the  best  pro- 
jjection  known.    The  Persian  Gulf  cable  is  coated  with,  it  from 
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end  to  end,  as  is  likewise  the  Isle  of  Man  cable  (Fig.  379),  whict 
18  composed  of  a  single  conducting  wire.  To  insure  permanency, 
cables  in  shallow  seas  are  now  laid  weighing  as  much  as  ten  tons 

per  mile,  with  shore  ends  weighing 
Fig.  j83.  nearly  20  tons,  to  resist  anchors.     It 

has  been  proposed  by  Siemens  to 
apply  a  covering  of  hemp  outside  the 
iroa  wire,  and  to  wrap  this  round 
with  zinc  armour. 

To  avoid  the  occurrence  of  a  per- 
manent twist  in  uncoiling  a  cable, 
it  should  be  taken  out  of  the  tank 
or  off  the  drum  in  the  same  manner 
as  it  is  put  in  or  on;  the  opposite 
course  will  always  put  a  permanent 

Isle  of  Man  cable.  ^"^^^    ^"^    *  ^'^^H   8^^    this   twist 

concentrated  at  one  point  produces  a 

kink,  or  tight-drawn  loop. 

A  cable  covered  with  good  iron  should  bear  a  strain  equal  to 

tMO  tons  per  pound  of  iron  wire  per  fathom.     Thus  a  cable  with 

3,750  lbs.  of  iron  per  knot,  or  3  75  lbs.  per  fathom  in  the  sheathing, 

should  bear  7^  tons  {F,  Jenkin), 

(233)  Volnts  In  Ohm*s  Tbeory  In  Xelatlon  to  Teleirraplile 
Cironlts. — The  following  aie  the  principal  points : — 

1.  That  the  qnantity  of  electricity  which  passes  in  a  given  time  is  directly 
proportional  to  ttie  diflference  of  tension  at  the  two  ends  of  the  wire. 

2.  That  the  quantity  is  inversely  proportional  to  the  length  of  the  wire, 
«o  that  two  miles  will  only  convey  half  as  much  as  one. 

3.  That  the  quantity  is  directly  proportional  to  the  sectional  area  of  the 
wire,  that  is,  to  the  square  of  its  diameter,  or  its  weight  per  mile. 

4.  That  th«  quantity  is  directly  proportional  to  the  specific  conductivity  of 
the  metal,  i.e.  inversely  proportional  to  its  specific  resistance;  thus  the  con- 
ductivity of  copper  is  five  or  six  times  as  great  as  that  of  iron  or  steel,  and 
consequently  a  copper  wire  of  a  given  si'ze  will  conduct  five  or  six  times  as 
much  electricity. 

5.  The  ten.sion  of  a  wire  is  highest  at  the  positive  pole,  and  lowest  at  the 
negative,  and  falls  uniformly  throughout  the  whole  length. 

Although  according  to  Ohm's  law  the  quantity  of  electricity 
conveyed  by  a  wire  varies  directly  as  the  battery  power,  or  as  the 
difference  of  tension  of  the  current  at  the  two  ends  of  the  wire, 
this  only  holds  good  when  the  plates  are  sufficiently  large  to  suffer 
no  sensible  diminution  of  their  tension  from  the  abstraction  of  the 
current  by  the  conducting  wire,  a  condition  seldom  or  never 
practically  obtained.  With  plates  4X3  in.,  and  a  tension  of  200 
cells,  an  addition  to  the  circuit  of  2,000  miles  of  ordinary  No.  8 
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Kne  wire  produces  a  reduction  in  the  tension  of  the  battery  current 
equal  to  about  10  cells;  and  a  circuit  of  100  miles  reduces  the 
tension  or  effective  working  of  the  battery  from  200  to  100  cells. 
It  must  not  therefore  be  assumed  that  in  working  with  100  cells 
we  are  working  with  a  tension  of  100  elements;  the  working 
tension  depends  on  the  length  and  size  of  the.  conducting  wire, 
and  with  a  battery  of  200  cells  it  may  be  anything  between  200 
elements  and  nothing. 

(234.)  Tlie  Blectrioal  Properties  of  tbe  Sabmarine  Cable. 
— It  has  been  shown  in  a  previous  chapter  (Part I.  Chap.  I.  par.  13) 
that  when  an  insulated  conductor  is  brought  into  the  neighbourhood 
of  a  conductor  that  is  insulated  the  latter  acquires  an  increased 
electrical  capacity,  in  consequence  of  the  reciprocal  inductive  actions 
of  the  two  conductors ;  that  the  nearer  th«  two  conductors  are 
brought  towards  e«ch  other,  the  greater  will  be  the  amount  of  that 
inductive  influence,  and  that  different  non-conducting  bodies  or 
dielectrics  have  each  a  natural  power  belonging  to  itself,  which 
is  called  its  'specific  inductive  capacity'  (10).  As  induction  di- 
minishes rapidly  as  the  distance  increases,  its  opemtion  in  the  case 
of  a  telegraph  wire  suspended  and  insulated  on  poles  is  very  small, 
but  that  even  here  an  iufluence  is  exerted  oa  the  neighbouring 
wire  and  the  earth,  is  proved  by  the  sensible  time  that  is  required 
to  transmit  signals  through  very  long  wires.  On  half  a  mile  of 
suspended  wire,  for  example,  500  or  600  signals  may  be  readily 
sent  per  minute,  but  at  a  distance  of  500  miles  the-  current  would 
appear  continuous  (Culle^), 

When  one  pole  of  a  battery  is  connected  with  one  end  of  an 
insulated  telegraph  wire,  and  the  other  pole  with  the  earthy  h 
current  flows  into  the  wire  until  it  has  attained  the  same  static 
tension  as  the  battery.  If  the  wire  be  shorty  the  small  static  charge 
which  it  has  acquired  is  immediately  lost  by  dissipation  on' 
breaking  contact  with  the  battery ;  but  if  it  be  long,  the  charge 
lingers  in  the  wire,  and  thus  causes  the  signals  to  run  together,  so 
that  it  becomes  necessary  to  clear  the  wire  by  sending  a  reverse 
current  into  it.  The  nearer  the  wire  is  to  the  ground,  the  greater 
of  course  is  the  amount  of  inductive  action  set  up  between  the 
wire  and  the  earth,  and  the  greater  therefore  the  electrical  clogging 
of  the  wire ;  and  when  the  wire  is  covered  with  an  insulating 
material,  and  buried,  it  becomes  an  enormous  Leyden  jar,  having 
for  its  inner  coating  the  wire,  and  for  its  outer  coating  the  earth. 
Every  mile  of  such  wire  (No.  16)  presents  a  surface  of  85*95  square 
feet,  and  the  inductive  circumstances  being  assumed  to  be  the 
same,  receives  the  same  charge  from  a  source  of  the  same  tension 
as  a  Leyden  jar  having  an  equal  number  of  square  feet  of  tinfoil 


Digitized  by 


Google 


^2  8UBMABIHB  TKLEOBAPHT. 

coating.  There  is,  however,  this  materiia  diffeience  between  Ae 
twocwefl:  though  both  are  discharjred  in  a  time  inappreciably 
minute  to  the  senaee,  the  discharge  from  the  wire  occupies  a  com- 
paratively much  longer  interval  than  that  from  the  coatings  of  the 
jar.  This  discharge  current  affects  in  a  very  serious  manner  the 
gpeed  with  which  signals  can  be  transmitted  through  the  wire. 

This  peculiar  character  of  insulated  and  buried  or  submerged 
wires  was  not  suspected  when  underground  telegraph  wbces  were 
first  employed,  for  in  the  usual  practice  a  voltaic  current  does 
not  communicate  a  statically  intense  charge  of  electricity  to  a. 
Leyden  jar.  It  was  first  made  evident  by  the  extraordinary  re- 
tardation which  the  electiical  current  experienced  when  it  had  to 
pass  through  subterranean  or  submarine  channels  in  the  course 
of  its  journey.  In  the  early  experiments  made  to  deteraaine 
the  velocity  of  electricity  through  metallic  wires  hundreds  or 
thousands  of  miles  appeared  to  be  traversed  in  a  second,  whereas 
in  similar  experiments  made  on  the  underground  lines  running 
between  London,  Manchester,  and  Glasgow,  it  seemed  that  scarcely 
thousands  of  miles  were  passed  in  the  same  period.  Indeed,  accord- 
ing to  Edward  Bright  {BrUiah  Associatiwi  Report,  1854),  tbe 
velocity  of  currents  in  ordinary  use  for  telegraphic  purposes  m 
submarine  conductors  does  not  exceed  1,000  miles  per  second. 

(2  3  5)  The  Retardation  of  Slyiiala.— The  effects  of  induction, 
as  they  had  been  observed  by  him  in  the  subten-anean  lines  of 
Prussia,  were  described  by  M.  Werner  Siemens  in  1850.  These 
effects  were  the  reception  of  charge  and  its  retention  after  tbe 
cessation  of  contact  with  the  battery.  The  retardation  of  the 
current  was  first  witnessed  by  Latimer  Clark  on  the  aoth  Marcb, 
1852.  It  is  this  retardation  which  forms  the  great  difiiculty  in 
modem  telegraphy. 

*  There  is  no  phenomenon  in  electricity,*  observes  Clark  (RepoH  of  Sub- 
murine  Telegraph  Committee),  *  that  has  a  more  important  bearing?  on  the 
electric  telegraph  than  that  of  induction,  and  none  which  interferes  more 
"With  the  commercial  success  of  telegraphic  enterprise.  If  it  were  not  for 
this  evil  presenting;  itself  in  the  form  known  as  retardation  of  the  current, 
any  telegraph  cable,  however  long,  could  be  worked  at  almost  any  apeed; 
and  although  much  may  be  (lone  (o  reduce  its  effects,  there  is  at  present  no 
known  method  of  avoiding  them  altogether.' 

On  the  occasion  on  which  the  phenomenon  of  retardation  was 
firet  observed,  an  attempt  was  made  to  work  an  electro-magnet 
and  a  Bain's  printing  apparatus  through  100  miles  of  wire  im- 
mersed in  a  canal,  and  175  miles  of  wire  stored  up  dry  in  a  manu- 
factory. In  so  doing  it  was  found  that  there  was  no  difiiculty  in 
>vorking  even  with  a  very  small  battery  power  througb  the  whole 
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length ;  but  it  vras  instantly  noticed  tbat  the  current  took  a  yerj 
perceptible  time  in  travelling  the  100  miles.  The  experiment  was 
varied  in  several  ways,  both  with  the  electro-magnet  and  with  the 
printing  apparatus,  but  tbe  result  was  uniform,  that  even  when 
the  current  had  to  travel  through  the  whole  length  of  the  wire 
before  acting  on  the  magnet,  retardation  was  perceived.  In  oue 
experiment  the  battery  and  the  electro-magnet  were  placed  at  on^ 
end  of  the  wire,  and  the  contacts  were  made  and  broken  at  the 
other ;  but  altbough  the  battery  and  the  magnet  were  close 
together,  the  same  retardation  was  perceived.  It  was  noticed  also 
that  the  marks  made  on  the  printing  paper  by  the  current  were 
not  only  slow  in  appearing,  but  often  on  their  appearance,  instead 
of  ending  abruptly  and  instantaneously,  as  they  do  in  overground 
lines,  the  mark  tailed  off  gradually  to  a  point.  The  cause  of  the 
phenomenon  was  at  once  perceived  to  be  induction ;  and  to  verify 
it,  the  100  miles  in  water  were  detached,  and  the  175  miles  on 
dry  land  used  alone,  and,  as  was  to  be  expected,  no  retardation 
whatever  was  perceptible. 

The  retention  of  charge  by  subterranean  or  submarine  cables  is 
also-  well  shown  by  the  following  experiment  described  by  Mr. 
Whitehouse  {Atlantic  Telegraphy  p.  10)  : — 

Fifteen  miles  of  insulated  wire,  with  a  conducting:  layer  external  to  its 
insulating  investment,  were  arranged  with  one  end  turned  up  into  the  air ; 
the  same  was  done  with  200  miles  of  the  same  wire.  To  both  of  the^  length* 
was  communicated  as  full  a  charge  as  it  had  the  capacity  to  retain.  Each 
wire  was  then  discharged  through  a  fine  wire  coiled  round  a  bar  of  soft  iron, 
so  that  the  bar  was  rendered  a  magnet  pro  tempore,  i.e.  during  the  actual 
current  of  electricity.  Upon  measuring  the  force  of  each  discharge  current, 
estimating  it  by  the  number  of  grains  the  temporary  magnet  was  capable  of 
lifting,  it  was  found  that  in  the  ca^te  of  the  15-mile  length  the  weight  lifted 
amounted  to  1,075  prrain^  and  in  that  of  the  200-mile  length  to  2,300  grains. 
A  current  which  lifted  18,000  grains  by  simply  running  through  the  appa^ 
ratus  thus  arranged,  upon  being  sent  into  a  coated  insulated  wire  498  miles 
long,  lifted  60,000  grains  when  allowed  to  flow  back  as  di-^charge,  and  even 
96,000  grains  if  the  discharge  passed  fiom  both  ends  of  the  wire  at  once,  and 
round  the  sajne  temporary  magnet. 

Submarine  and  subterranean  insulated  wires  do  not,  therefore^ 
act  simply  as  conductors,  or  as  mere  channels  through  which  the 
electrical  current  Hows,  but  as  r&^ermirs  storing  up  electricity  in 
quantities  proportional  to  the  length  of  the  wires.  A  sensitive 
magnetic  needle  placed  by  the  side  of  a  long  and  completely  in*- 
sulated  wire,  when  it  is  charged,  gives  clear  indications  of  the  first 
rush  of  electricity  into  the  wire,  of  the  retention  of  the  charge 
for  several  minutes  after  the  charging  contact  has  been  broken, 
and  of  the  final  i'ush  out  or  discharge  of  the  influence  in  the  pppo- 
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site  direction  when  the  wire  is  connected  with  the  earth  by  ltd 
nearer  end.  These  phenomena  were  first  assigned  to  their  true 
cause  by  Faraday  (19,  Ex.  10,  p.  53)«  .  • 

By  means  of  the  arrangement  shown  in  Fig.  380,  the  discharge 
from  a  yard  of  insulated  cable  may  be  made  evident  on  a  galvano- 
meter if  charged  by  a  large  voltaic  battery,  say  100  Daniell  cells 
{Fleeming  Jtnkin),  K  is  a  common  Morse  key  by  which  the  con- 
ductor of  the  cable,  A  b, 
can  be  placed  in  con- 
nection with  the  bat- 
tery z  c,  by  a  contact 
at  Pf  and  then  removed 
from  the  battery  and 
immediately  connected 
at  c  with  one  terminal 
ofthe  galvanometer,  the 
other  terminal  of  which 
is  in  connection  with 
the  earth  at  B.  The 
contact  at  p  charges  the 
cable,  and  that  at  c  dis- 
charges it  through  the 
galvanometer.  As  the 
quantity  of  electricity  which  goes  into  the  cable  must  be  equal  to 
that  which  leaves  it,  if  the  galvanometer  o  were  placed  between  % 
and  Pj  it  would  be  affected  to  the  same  extent  by  the  entrance  of 
the  charge  as  by  its  exit  at  c. 

The  following  experiments  were  made  in  October  1853,  by 
Mr,  Latimer  Clark,  in  the  presence  of  Professors  Faraday  and  Aiiy. 

1.  One  hundred  miles  of  gatla-percha  wire  wer«  immersed  in  a  canal,  the 
distant  end  of  the  wire  being  permanently  disconnected  with  the  earth. 
The  near  end  was  also  disconnected,  but  had  a  galvanometer  attached,  which 
indicated  any  current  which  passed  into  or  out  of  the  wire.  The  battery 
was  arranged  with  one  pole  permanently  connected  with  the  earth.  The 
Other  pole  of  the  battery  was  now  brought  into  contact  with  the  line  wire. 
The  galvanometer  was  immediately  and  very  violently  deflected  to  the  right 
bv  a  current  passing  into  the  wire,  but  this  current  ceased  almost  ioanie- 
diately  the  needle  resumed  its  nearly  vertical  position,  and  remained  quiescent. 
The  connection  with  the  battery  was  now  broken,  and  the  galvanometer, 
having  no  current  passing,  became  perfectly  vertical.  Things  being  in  this 
position,  that  is  to  say,  both  ends  being  disconnected  from  the  battery,  the 
near  end  was  connected  with  the  earth  ;  the  galvanometer  was  now  deflected 
in  the  opposite  direction  by  a  returning  charge  quite  as  violently  as  in  the 
first  instance,  proving  that  a  charge  had  been  retained  in  the  wire.  No  such 
phenomena  were  observed  when  the  100  miles  of  cable,  instead  of  bein^ 
submerged,  were  l^ing  in  coila  in  a  dry  store  room. 
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%,  The  length  of  wire  in  circuit  waa  1,490  miles,  of  which  70  miles  were 
on  dry  boards,  the  remainder  being  on  iron  or  earthenware  pipes,  buried 
undersrround  along  the  railway  between  London  and  Manchester.  The 
gutta-percha  was  a  quarter  of  an  inch  in  diameter,  and  tlte  interior  copper 
wire  one-sixteenth  of  an  inch ;  each  wire  was  lapped  round  with  cotton  tape 
dipped  in  coal  tar,  and  then  dusted  with  fine  sand.  One  hundred  miles  of 
the  copper  wire  presented  8,250  feet  of  surface.  The  wires  were  loosely 
bound  into  a  bundle  of  eight  wires  by  twine,  and  drnwn  into  the  pipes,  thus 
forming  eight  independent  circuits  from  London  to  Manchester,  which  were 
all  joined  up  into  one  circuit  of  1490  miles.  The  battery  power  used  was 
508  cells  of  Pauiell's  battery.    All  the  eight  wires  were  joined  up  into  one 

Fig.)8x« 
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continuous  length,  viz.  the  zinc  pole  of  the  battery  to  the  earth,  the  copper 
pole  thnmgh  a  galvanometer  to  the  line  wires,  thence  to  Manchester  and 
back  twice,  and  through  a  second  galvanometer,  again  to  Manchester  and 
back  twice,  and  tlirough  a  third  galvanometer,  and  then  to  earth.  On 
making  contact  with  the  battery,  the  needle  of  the  ^nt  galvanometer  was 
deflected  with  great  Violence  for  an  instant,  and  immediately  afterwards 
settled  at  an  angle  of  nearly  ^,  After  the  lapse  of  a  full  second  or  more 
the  needle  of  the  second  galvanometer  was  deflected  in  the  same  direction, 
not  with  violence,  as  in  the  case  of  the  first,  but  rather  slowly  and  tardily, 
settling  to  an  angle  of  about  40°  or  56^.  Again,  after  a  still  longer  interval, 
the  current  appeared  to  reach  the  third  galvanometer,  the  needle  deflecting 
feebly  with  a  slow  movement,  but  increasing  gradually,  apparently  by  jerks 
pr  pulsations,  till  it  remained  at  an  angle  of  15^  or  20®.  On  disconnecting, 
the  first  galvanometer  fell  back  first,  the  second  and  third  last. 
3.  In  this  experiment  there  was  no  earth  connection  used,  the  poles  of  the 
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battery  being  connected  directly  to  the  exterior  galvanometer  A  and  Of 
forming  a  closed  circuit.  On  making  connection  with  the  battery,  both  the 
exterior  galvanometers  A  and  c  were  violently  deflected  in  a  parallel  direc- 
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tion  by  a  charge  of  positive  and  negative  electricit}'  evidently  passing:  into 
the  respective  wires,  the  needles  afterwards  continuing  deflected  strongly  in 
the  same  direction.  The  intermediate  needle  B  was  not  deflected  until  after 
an  interval  of  a  fall  second  or  more,  when  it  settled  quietly  in  the  same 
direction  without  any  jerk.  When  the  battery  connection  was  broken,  and 
the  galvanometers  A  and  c  connected  together,  a  powerful  discharge  returned 
through  each  of  them,  deflecting  them  in  a  reverse  direction  ^  that  caused 
by  its  entrance. 

■  4.  One  pole  of  the  battery  was  put  to  earth  permanently ;  the  other  pole 
•was  put  into'contact  with  one  end  of  the  wires  (all  joined  on  to  each  other 
-n  1,490  miles)  hy  a  finger-key  which,  wheO;  pressed  down,  put  the  line 

Fig.  384;. 
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wires  into  contact  with  the  battery,  the  current  passing  through  the  galvano- 
meter into  the  line  wire.  When  the  spring  returned  up,  the  battery  con- 
nection was  broken,  but  at  the  same  time  a  contact  was  made  with  the 
earth,  and  the  induced  current  returned  out  of  the  line  wire  through  the 
galvanometer  and  the  key  to  earth. 

'  On  depressing  the  flnger-key,  a  powerful  charg€  passed  through  the  gal- 
Vanometer,  and  the  needle  was  deflected  violently  in  one  direction ;  on  raising" 
the  key,  the  return  current  deflected  the  needle  still  more  powerfully  in  the 
opposite  direction,  at  the  same  time  completely  reversing  its  poles.  This  was 
repeated  many  times.  The  return  charge,  or  inductive  discharge,  was  also 
taken  after  intervals  of  four  or  five  seconds. 

In  the  Gutta-percha  Company's  works,  this  return  current  was 
in  one  case  very  evident  after  a  lapse  of  Jive  minut^fi,  during  which 
time  the  wire  (100  miles)  had  been  totally  disconnected  with  the 
battery. 

When  a  current  was  sent  along  500  miles  of  naked  iron  wire 
suspended  in  the  air,  it  appeared  at  the  distant  end  almost  instan- 
taneously,  and  ceased  to  flow  almost  at  the  same  time  that  it  was 
stopped  at  the  near  end. 

In  an  experiment  with  8^00  miles  of  subterranean  wire,  the 
battery  power  was  varied  from  31  to  516  cells ;  the  time  occupied 
before  the  first  appearance  of  the  indiiced  current  was  abdut  half 
a  second,  and  it  was  sensibly  the  same  for  all  the  tensions  tiied. 
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"  The  causes  of  the  phenomena  ohserved  in  the  foregoing  experi- 
ments admit  of  a  ready  explanation.  The  internal  conducting 
"wire  answers  to  the  inner  coating  of  a  Leyden  jar,  the  water  ot 
moist  earth  on  the  exterior  answers  to  the  outer  coating.  When 
the  batter}'  is  applied  to  the  length  of  the  wire,  with  its  end 
insulated  from  the  earth,  a  charge  is  given  precisely  similar  in  its 
nature  to  that  in  the  Leyden  jar.  But  whereas  from  the  small 
size  of  the  Leyden  arrangement  we  require  a  tension  of  200  or  300 
cells  to  make  effect  apparent,  the  enormous  area,  as  foi*med  by  a 
mile  of  insulated  and  submerged  or  buried  wire,  enables  it  to 
he  very  manifest.  Even  with  a  tension  of  only  one  cell,  if  the 
wire  be  disconnected  from  the  battery,  and  allowed  to  remain  in- 
sulated, this  charge  will  remain  in  the  wire  for  a  length  of  time, 
dependent  on  the  degree  of  insulation  of  the  wire.  In  some  cases 
it' has  been  known  to  remain  sensible  in  the  wire  for  even  one  or 
two  days. 

(236)  Measurement  of  tlie  Currents  produced  dnrinir  tlie 
CHiarffiny  and  Bisebarfflnir  of  'Wires. — The  first  method  of 
measuring  the  amount  of  induction  in  telegraph  wires,  and  the 
one  ultimately  adopted,  was  by  measuring  the  swing  of  the  needle 
of  a  horizontal  galyanometer.  The  currents  are  of  such  short 
duration  that  they  cannot  affect  the  needle  in  a  permanent  manner ; 
the  forces  which  produce  the  deflections  are  as  in  the  similar  case 
of  a  balistic  pendulum,  generally  assumed  to  be  aa  the  chord  of  the 
arc  through  which  the  needle  passes.  The  arcs  themselves,  when 
they  do  not  surpass  30°  or  40°,  may,  for  these  experiments  which  do 
not  admit  of  the  greatest  accuracy,  be  considered  as  a  sufficient 
approximation  (  Wheatdom),  In  general,  it  was  found  by  Latimer 
Clark  that,'  when  the  galvanometer  was  suspended  by  a  single 
fibre  and  small  arcs  of  vibration,  the  number  of  degrees  of  swing, 
or  the  9XC  of  vibration,  was  nearly  proportional  to  the  amount  of 
induction;  but  there  were  considerable  variations  in  different  in- 
struments. Li  the  galvanometer  employed  by  Clark  in  all  his 
experiments  up  to  at  least  70^,  the  oscillations  were  stiictly  pro- 
portional to  the  amount  of  induction. 

The  amount  of  induction,  that  is,  the  quantity  of  electricity 
stored  up  by  induction,  is  directly  as  the  tension  of  the  battery,  as 
shown  by  observations  taken  wiUi  tensions  varying  from  4  to  256 
cells,  and  even  from  i  cell  to  508.  If  the  deflection  given  by  a 
known  mile  of  telegraph  wire,  with  a  known  number  of  cell%  be 
noted,  and  if  we  take  another  mile  of  wire,  and  vary  the  number  of 
cells  until  it  gives  the  same  deflection  on  the  same  instrument,  the 
relative  induction  in  the  two  cables  will  be  inversely  as  the  num- 
Iter  of  oella. 
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With  a  wire  of  ordinaiy  dimennonB  the  smount  of  charge  of 
of  induction  may  be  taken  as  varying  inveraefy  as  the  aqtiore  root  of 
the  thickness  of  die  coating  of  gutta-percha,  and  also  dirediy  as  the 
square  root  of  the  diameter  of  the  copper  conducting  wire.  Froni 
this  law,  it  follows  that,  if  we  increase  the  diameter  of  the  con- 
ductor and  the  thickness  of  the  dielectric  in  the  same  proportions, 
the  induction  will  remain  constant.  Clark's  experimental  results 
were  in  close  accordance  with  this  law,  *  that  in  gutta-percha 
wires  the  amount  of  induction  varies  as  the  square  root  of  the 
diameter  of  the  conductor,  and  inversely  as  the  square  root  of  the 
thickness  of  the  dielectric,'  or 


>vr 


From  this  it  appears  that  the  law  of  variation  with  different  thick-- 
nesses  of  gutta-percha  is  different  to  that  in  air,  where  the  quantity 
of  electricity  accumulated  under  induction  between  two  opposing 
surfaces  varies  inversely  as  the  thickness  of  the  plate  of  air  inter- 
vening,  and  not  as  the  square  root  of  the  thickness.  Wheatstone 
compared  the  discharges  from  i,  i,  3,  and  4  miles  of  copper  vnre 
of  the  same  diameter,  and  covered  with  guttsrpercha  of  the  same 
thickness,  using  a  battery  of  504  elements,  and  he  found  the  dia^ 
charge  to  be  directly  as  the  length  of  the  wire. 

For  measuring  the  induction  chai*ges  in  submarine  cables,  Sio* 
mens  employed  an  instrument  in  which  a  reversing  key,  driven  by  an 
excentric  wheel,  gave  a  rapid  succession  of  charges  or  discharges 
from  the  cable.  These  charges,  in  passing  through  a  galvanometer, 
caused  a  permanent  and  nearly  steady  deflection  of  the  needle, 
which  could  be  read  with  great  accuracy.  Wheatstone  modified 
this  machine  by  driving  the  excentnc  by  a  multiplying  wheel, 
and  thereby  made  its  indications  surprisingly  delicate.  When 
driven  rapidly,  with  a  battery  power  of  500  ceUs,  it  readily  ex- 
hibited on  a  galvanometer  the  succession  of  discharges  from  is 
inches  of  wire,  one-sixteenth  of  an  inch  in  diameter,  suspended  in 
an  apartment.  Latimer  Clark  adopted  the  system  of  rapid  motion 
to  a  differential  intrument  with  three  reversing  keys.  With  thia 
apparatus,  which  he  calls  a  differential  indu/ctometer,  using  a  battery 
of  500  cells,  and  a  galvanometer  with  30,500  convolutions  of  wire, 
the  extra  immersion  of  half  an  inch  of  telegraph  wire,  or  even  the 
approach  of  the  hand,  could  be  rendered  readily  perceptible.  The 
deflection  due  to  the  charge  or  discharge  of  a  short  cable  is  the 
result  of  a  very  short  impulse ;  and  this  deflection  may  be  used  to 
measure  the  charge  thus  (J^.  Jenkin,  Cantor  Lertures)  r—First 
make  a  standard  knot  of  cable,  or  Leyden  jar,  or  condenser;  take 
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Fig.  385. 


i  l^ 


f  the  discliarge  from  that  with  an  arrangement  shown  in  Pig.  385, 
where  a  b  represent  plates  in  connection  with  the  earth,  and  x  y 

•  insulated  plates  separated  from  them  by   mica,  gutta-percha, 

.  paraffine,  glass,  or  air ;  h  the  Morse  key,  by  which  the  condenser 
xy  may  be  brought  into 
connection  with  the  battery 
z  c  by  a  contact  at  p,  and 

.then  removed  from  the 
battery  and  connected  at 
o  with  the  galvanometer. 
Next  charge  the  cable  from 
the  same  battery,  and  by 
trial  bring  the  galvano- 
meter to  the  same  deflec- 
tion by  shunting  part  of 
the  current  through  re- 
sistance coUsy  which  can 
be  adjusted.  If  one-hun- 
dredth part  of  the  current 
pass  through  e,  then  the 
capacity  of  the  cable  is  one 
hundred  times  that  of  the  condenser.  The  relative  charges,  if  not 
differing  much,  may  be  taken  as  proportional  to  the  deflections  on 
s  reflecting  galvanometer  (145),  or,  more  strictiy,  to  the  sines 
of  half  the  angles  on  any  instrument  A  galvanometer  with  a 
comparatively  heavy  needle  is  better  for  this  purpose  than  a  re- 
flecting instrument  with  mirror  and  light  magnets,  owing  to  the 
.resistance  of  the  air.  Other  and  more  accurate  methods  of  mea- 
suring  the  inductive  capadties  of  cables  are : — i.  By  the  transfer 
of  a  charge  from  one  condenser  to  another,  and  the  measurement 
of  the  potential  before  and  after  the  transfer ;  2.  By  the  relative 
eflect  of  two  discharges  in  opposite  directions  through  a  diflerentiai 
galvanometer  (144) ;  $•  By  balancing  a  succession  of  discharges 
through  one  coil  of  a  diflerentiai  galvanometer  against  a  permanent 
current  adjusted  with  the  aid  of  resistance  coils  (i  1 1)  ;  and  4.  By 
balancing  the  discharges  against  a  permanent  current  in  an  arrange^ 
ment  resembling  a  Wheatstone's  balance  (no). 

Different  insulating  materiab  or  dialectiics  have  diflerent  speciflc 
inductive  capacities,  a  fact  which  has  a  direct  and  most  important 
bearing  on  the  commercial  value  of  all  submarine  telegrapha. 
Wires  of  the  same  dimensions,  but  coated  with  different  materials^ 
liave  been  found  experimentally  to  vary  in  specific  inductive 
.capacity  so  greatiy  that  one  wire  would,  in  a  given  time,  send 
nearly  fifty  per  cent  more  messages  than  the  other,  a  CQuaideratipn 
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of  the  first  importance.  The  modification  of  gutta-percha  called 
Qodehoys  compound,  which  is  a  mixture  of  gutta-percha  and 
ground  cocoarnut-shell,  gives  a  higher  induction  than  any  other 
material  examined  by  Latimer  Clark  ^  next  in  the  series  came 
Eadclifie^s  special  material,  composition  unknown;  then  gutta- 
percha, with  coatings  of  Ohatterton's  compound,  a  mixture  of 
gutta-percha  and  Stockholm  tar,  and  Hughes^s  fluid  cable ;  next 
the  wire  of  gutta-percha,  with  twenty  alternate  coatings,  and  Hall's 
wire  covered  with  cotton  thread,  and  lapped  with  spiral  layers  of 
Pera  india-rubber  masticated,  then  covered  with  elastic  vulcanized 
india-rubber  thread,  wound  very  tightly.  The  lowest  specific 
inductive  capacities  were  shown  by  Wray*s  compound,  which  is  a 
mixture  of  shellac,  india-rubber,  powdered  silica  or  alumina,  and 
a  little  guttsr-percha  in  two  or  three  coatings — the  '  special  mate- 
rials'  of  the  Gutta-percha  Company  and  the  indisrrubber  wire 
of  Silver  &  Co. 

Experiments  were  made  by  Clark,  to  determine  the  comparatiye 
inductions  of  copper  and  iron  conductors ;  and  it  was  found  to  be 
sensibly  the  same  as  might  be  expected^  from  the  w  ell-known  &ct 
that  electricity  under  induction  dweUs  only  on  the  surface  of  con- 
ductors, and  that  its  quantity  is  the  same  whatever  may  be  the 
material  of  which  the  conductor  is  composed.  The  same  elec- 
trician also  found  that  the  amount  of  induction  received  from  a 
cable  was  not  altered  by  allowing  the  charge  to  pass  through  a 
second  length  of  cable.  A  perfectiy  insulated  cable,  connected 
with  a  battery,  will  ultimately  attain  the  same  maximum  of  charge 
whatever  be  the  length  of  the  wire,  or  whatever  be  the  resistance 
of  the  intervening  conductor :  thus,  one  mile  of  plain  gutta-percha 
wire  was  charged  with  a  battery  power  of  128  cells,  a  resistance 
eqiuil  to  about  700  miles  of  line  being  interposed  between  the 
battery  and  the  cable,  so  that  the  charge  and  discharge  had  to 
pass  through  this  length  of  wire  before  reaching  the  cable ;  the 
amount  of  induction  charge,  as  measured  by  the  galvanometer,  was 
30*46 ;  of  discharge,  30*36.  The  same  wire  vras  now  charged  with 
ihe  same  battery,  and  connected  direct  to  the  galvanometer  with- 
out any  resistance ;  the  amount  of  induction-charge  was  30*38,  and 
of  discharge,  30*66. 

By  the  following  interesting  experiments,  it  was  proved  that  the 
amount  of  current  which  enters  the  cable  is  exactly  equivalent  to 
that  which  leaves  its  exterior,  and  is  of  course  of  the  same 
denomination : — 

I.  A  large  tub  of  water  was  careftilly  insulated  by  sospending  it  on  slings 
of  gutta-percha,  and  aboat  half  a  mile  of  gutta-percha- covered  copper  wire 
waa  placed  ia  it.    The  battery  power  naed  was  156  cells.    The  utgiiif  pole 
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was  connoted  with  the  earth,  and  the  indaction  was  meaanred  in  the  nsnal 
way,  by  the  swing  of  the  needle  of  a  horizontal  galvanometer;  the  charge 
amounted  to  7,  the  discharge  to  -5,  the  leakage  being  -25.  The  charge 
here  observed  was  obviously  caused  by  the  induction  of  the  surrounding 
walls  and  ceiling  of  the  room. 

2.  The  water  was  now  connected  with  the  'earth,  and  the  observations 
repeated;  the  resulto  were— charge,  28-36;  discharge,  26-32;  kaiage,  172. 

3.  The  connections  were  now  changed  in  the  manner  shown  in  Kg.  386 ; 

Fig.  386. 
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the  current  from  the  battery,  Instead  of  being  sent  into  the  wire,  was  sent 
into  the  water  in  the  tub,  the  wire  being  connected  through  the  galvano- 
meter with  the  earth ;  the  observations  were  repeated;  the  results  wer»— 
charge,  z-j'^i;  ducAor^,  25-92;  leakage,  1*9$. 

4.  The  galvanometer  was  now  removed  from  the  coil  of  wire  and  placed 
in  circuit  with  the  wire  leading  to  the  earth,  so  as  to  measure  the  amount 
of  electricity  passing  from  the  tub  to  the  earth.  The  battery  was  connected 
directly  with  the  wire :  the  results  were — charge,  28*12 ;  diacharge,  25-88 ; 
leakage,  1*87. 

5.  The  galvanometer  was  placed  between  the  wire  proceeding  from  the 
batter}'  and  the  wire  dipping  into  the  water  of  the  tub,  but  not  in  direct 
contact  with  the  coil,  so  as  to  measure  the  amount  of  electricity  passing 
ftom  the  battery  into  the  water.  The  cable  was  connected  with  the  earth. 
The  results  were — charge,  2872 ;  diecharge,  26*1 ;  leakage,  2*42. 

The  results  were  the  same  with  negative  as  with  positive  elec- 
Iricity^  and  it  was  further  proved  that  at  the  same  tension  the 
cable  gives  the  same  indaction^  whatever  be  the  source  from 
which  the  electricity  is  derived. 

The  induction  discharge  may  be  used  to  measure  insulation  thus 
(JF.  Jenkin) :  Charge  the  cable  by  contact  at/?,  Fig.  387,  and  then 
break  contact  at  j9  without  making  contact  at  0.  The  charge,  which 
is  as  it  were  bottled  up  inside  the  cable,  leaks  gradually  through 
the  gutta-percha.  After,  say,  one  minute,  make  contact  at  o,  and 
observe  the  difference  between  the  deflection  thus  obtained  and 
tbat  obtained  where  the  cable  is  discharged  immediately  after 
being  charged.    The  difference  measures  the  loss  in  one  minute. 

A  siniilar  test  is  applied  by  Messrs.  Bright  and  Clark  to  the 
00  2 
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testing  of  joints.  A  joint  y,  Fig.  387,  is  placed  in  an  insulated 
trough  of  water  connected  with  a  condenser ;  the  battery  is  applied 
to  one  end  of  the  cable,  and  any  slight  leakage  which  may  occur 
at  the  joint  gradually  accumulates  in  the  condenser.    After  a 

Wg.  1»7. 


minute  or  more  the  condenser  is  discharged  through  the  galvano- 
meter, which  may  then  show  the  result  of  a  minute's  accumulation, 
even  when  the  permanent  current  pressing  at  any  moment  would 
not  have  been  sensible. 

(237)  Veloeity  of  tbe  Tranmnlasioii  of  Blectrle  Siffnals 
In  Bnbmarine  Cables. — ^The  measurement  of  the  time  occupied 
by  the  transmission  of  electricity  through  conductors  is  one  of  the 
most  delicate  operations  in  electricity,  for  even  in  wires  of  con- 
siderable length  the  time  occupied  in  the  transmission  of  a  current 
is  extremely  small.  In  Wheatstone^s  celebrated  experiments  the 
Telocity  through  copper  wires  suspended  in  an  apartment  was 
observed  to  be  288,000  miles  per  second  (34),  a  velocity  consi- 
derably greater  than  any  that  has  since  been  obtained  by  other 
•experimenters.  But  even  here  there  is  every  reason  to  believe 
that  there  was  a  certain  degree  of  retardation,  arising  from  the 
inductive  influence  of  surrounding  bodies  similar  in  nature  to  that 
experienced  in  submarine  cables;  and  that  if  the  wire  had  been 
stretched  out  in  space  away  from  all  inductive  influences,  the 
velocity  of  propagation  would  have  been  found  much  greater. 

Walker,  who  made  many  experiments  on  telegraph  wires  in 
America,  foimd  the  velocity  to  be  about  18,000  mOes  per  second; 
andFigeau  and  Gonnelle  made  it  through  copper  wire  112,680 
miles  per  second  (34)*  The  method  employed  by  the  latter 
electricians  was  highly  ingenious  (Jnnalea  TfUgraj^iques^  ^^fi)* 
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They  emplc^ed  two  reTol-ving  discs  of  ivory  fixed  on  the  same 
axis,  each  carrying  on  the  opposite  points  of  the  diameter  metallic 
plates  let  into  the  ivory.  Metallic  springs  pressed  against  the 
drcumferences  of  these  discs,  and  making  contact  with  the  metal 
plates,  formed  part  of  a  circuit  One  of  the  discs  was  slightly 
turned  round  on  its  axis  into  such  a  position,  that  just  as  one  of  the 
springs  was  entering  on  the  plate  which  conveyed  the  outgoing 
current,  the  spring  of  the  return  current  was  leaving  its  place.  It 
is  evident  by  this  arrangement  that  as  long  as  the  wheel  remained 
at  rest  in  any  position,  the  circuit  was  not  complete,  and  no  current 
could  pass  along  the  wire.  The  same  was  the  case  if  the  discs  were 
made  to  revolve,  so  long  as  the  current  travelled  instantaneously. 
If,  however,  the  current  occupied  a  sensible  time  in  its  passage,  it 
would  give  time  for  the  plate  on  the  second  disc  to  come  round 
into  such  a  position  as  to  complete  the  circuit  at  the  right  moment, 
and  allow  the  returning  current  to  pass  through  a  galvanometer  to 
the  earth.  By  adjusting  the  two  discs  into  such  a  position  as  that 
they  gave  their  maximum  effect  on  the  galvanometer,  and  observing 
the  rate  of  rotation,  the  velocity  of  the  electric  wave  was  easily 
determined, 

I.  Experiments  of  WTUtehouse. — An  apparatus  for  measuring  the 
time  occupied  in  the  transmission  of  signals  through  telegraph 
-wires  was  invented  by  Mr.  Whitehouse  (Atlantic  Td^aph,  p.  18). 
It  consisted  of  a  receiving  instrument,  and  a  second  pendulum, 
vibrating  in  such  a  manner  that  an  electrical  current  could  be 
sent  by  it  in  opposite  ways  along  the  wire  under  examination. 
The  receiving  instrument  was  an  apparatus  which  could  be  set  in 
motion  instantaneously  by  the  action  of  the  long-wire  current,  and 
made  to  print  upon  a  ribbon  of  paper  by  styles  pressed  down  upon 
it  as  it  was  unwound  from  a  dram  by  clockwork.  The  paper  was 
saturated  with  a  chemical  solution,  which  was  colourless  until 
decomposed  by  voltaic  action,  when  it  communicated  to  the  paper 
a  deep  stain. 

When  the  receiving  instrument  was  in  operation,  one  of  the 
poles  of  its  battery  was  in  contact  with  printing  styles  of  steel 
pressed  down  on  the  top  of  the  paper,  and  the  other  with  a  table 
of  metal  resting  beneath  the  paper.  The  voltaic  current  thus  trar 
versed  the  moist  paper  immediately  between  the  slyles  andthepaper. 

The  pendulum  hangs  on  a  pivot,  which  is  one  of  the  poles  of  a 
battery,  but  is  prolonged  upwards  with  a  sort  of  crest  that  touches 
a  spring  right  and  left  as  it  sways  to  and  fro.  The  springs  when 
at  rest  press  upon  a  pillar  lying  between  them,  which  is  the  other 
pole  of  the  battery.  The  crest  of  the  pendulum  lifts  the  one  of 
these  springs  (which  it  touches)  off  the  pillar  for  the  time  \  when 


Digitized  by 


Google 


454  SUBMABINE  TELEORAFHT. 

lifts  the  right  spring  it  sends  a  current  from  the  positive  pole  oat 
through  it  and  the  wire^  and  back  through  the  leffc  spring  to  the 
negative  pole  or*  pillar.  The  wire  is  coiled  in  different  places  round 
bars  of  soft  iron.  When  the  current  passes  through  these  coils, 
the  bars  become  magnets  for  the  time^  but  the  precise  nature  of 
their  magnetism  depends  on  the  direction  in  which  the  currents 
run  (152).  When  the  direction  is  from  the  right  spring  of  the 
pendulum  apparatus,  the  N.  pole  of  the  magnet  is  where  the  S.  pole 
is  found  when  the  direction  is  from  the  left  spring.  But  near  to 
each  of  these  temporary  magnets  there  is  placed  a  true  or  per- 
manent magnet,  mounted  on  a  pivot,  so  that  it  can  traverse  right 
and  left.  The  reversal  of  the  magnetism  in  the  temporary  magnet 
causes  the  true  magnet  to  move  on  its  point  as  far  as  it  can,  because 
N.  poles  attract  S.,  and  vice  versd.  The  N.  pole  of  the  temporary 
magnet  pulls  towuxis  itself  a  S.  pole  of  the  true  magnet,  which  is, 
however,  sent  smartiy  away  so  soon  as  the  pole  of  the  temporary 
magnet  becomes  a  S.  pole  itself.  When  these  traversing  magnets 
lie  in  one  direction,  they  complete  the  circuit  of  small  local  batteries^ 
and  cause  them  to  print  upon  the  ribbon  of  prepared  paper;  when 
they  lie  in  the  opposite  direction,  they  break  the  circuit  and  stop 
the  printing.  The  pendulum,  thus  reversing  the  direction  of  the 
current  of  the  long  wire  at  each  second,  makes  the  local  battery 
print  one  second  and  stop  one  second,  and  then  print  again.  On 
the  mirolling  ribbon  of  paper  there  are  long  dark  traces  alternated 
with  clear  space,  each  being  one  second  long. 

Suppose  now  one  of  the  receiving  instruments  be  placed  in 
communication  with  one  end  of  a  long  wire  or  cable,  and  another 
instrument  with  the  other  end,  then  the  styles  of  those  instm* 
ments  ranged  side  by  side  on  the  paper  ribbon  will  print  just  when 
the  current  influences  the  electro-magnet  belonging  to  th6m.  If 
the  current  does  not  arrive  at  one  magnet  until  some  appreciable 
time  after  the  other,  the  one  style  will  not  begin  to  print  until  so 
long  after  the  other;  the  one  trace  on  the  paper  will  lag  behind  to 
a  certain  extent  behind  the  other.  But  the  distance  the  paper  moves 
in  a  second  is  marked  each  alternate  second  by  the  stamed  trace' 
printed  in  by  the  style ;  consequentiy,  the  distance  to  which  one 
mark  lags  behind  the  other,  or,  in  other  words,  the  length  of  time 
the  electrical  current  has  taken  to  run  through  the  wire  firom  one 
receiving  instrument  to  the  other,  can  be  estimated  with  the  utmost 
predsion  in  fractional  parts  of  the  length  of  the  printed  represen- 
tative  of  a  second. 

With  a  cable  1,146  miles  long,  the  seconds  pendulum  being 
arranged  to  turn  on  the  electrical  current  to  the  wire  for  an  instant 
only  at  each  beat,  without  a  reversal  of  the  current,  the  printed 
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t3*ace  on  the  paper^  instead  of  being  interrapted,  wais  one  long  eon-* 
tmtwtta  line ;  the  current  moving  so  sluggishly  in  the  induction-* 
encumbered  wire,  that  one  transmission  was  not  able  to  clear  itself 
off  before  the  next  was  pressing  upon  it.  The  actual  resistance 
set  up  by  this  length  of  cable  was  found  to  be  equal  to  that  offered. 
by  a  column  of  water  three-eighths  of  an  inch  in  diameter  and 
thirty  inches  long ;  and  its  retarding  power  was  such  that  the 
momentary  wave  of  electricity  or  secondary  current,  set  in  motion 
by  an  electro-magnet  in  an  induction  coil,  took  a  second  and  a  half 
to  discharge  itself  through  it }  but  when  the  course  of  the  wave 
in  the  coil  was  reversed  after  each  signal,  the  residue  of  the  former 
current  which  clung  about  the  wire  was  thereby  discharged,  and 
seven  or  eight  signals  could  then  be  recorded  in  a  single  second. 
When  positive  followed  negative  and  negative  followed  positive 
in  equal  proportions,  the  result  was  that  the  equilibrium  of  the 
wire  was  continually  restored  as  fast  as  it  was  disturbed,  and  its 
telegraphic  capabilities  were  steadily  maintained. 

An  instrument  by  which  the  force  of  the  current  could  be  actually 
weighed  was  also  invented  by  Whitehouse.  It  consisted  of  a 
delicate  and  sensitive  steelyard,  upon  the  long  arm  of  which  move- 
able weights  could  be  hung  and  shifted,  the  short  end  being  armed 
with  a  small  bar  of  soft  iron.  Beneath  this  bar  was  placed  another^ 
also  of  soft  iron,  surrounded  by  a  coil  of  fine  iron  wire,  so  that  it 
could  be  converted  into  an  electro-magnet  by  the  transmission  of 
an  electric  current  round  its  coiL  As  the  force  of  the  current  in 
any  case  determines  the  strength  of  the  magnet,  it  may  be  esti- 
mated by  the  number  of  grains  which  the  soft  iron  bar  on  the 
short  arm  of  the  steelyard  is  able  to  lift,  this  weight  being  the 
representative  of  the  force  of  the  current. 

When  the  current  from  7  a  pairs  of  sand  battery  plates  waa 
transmitted  through  the  coil  by  a  wire  just  long  enough  to  effect  the 
cotmection,  the  number  of  grains  lifted  was  25,000;  when  200 
miles  of  insulated  wire  were  interposed^  the  number  of  grains 
lifted  was  10,650 ;  with  400  miles  of  wire,  3,250  grains;  and  with 
600  miles,  1,400  grains.  If  the  lifting  power  had  diminished  in 
the  ratio  of  the  square  of  the  distance  through  which  the  current 
had  been  sent,  it  would  have  lifted  much  less  than  1,400  grains. 

The  velocity  with  which  the  force  travels  through  different 
lengths  of  wire  was  also  ascertained.  As  the  results  of  numerous 
observations,  it  appeared  that  through  83  miles  the  transmission 
was  effected  in  *o8  of  a  second ;  through  166  miles,  in  0*14  of  a 
second;  through  249  miles,  in  0*36  of  a  second;  through  498 
miles,  in  079  of  a  second;  and  through  1,020  miles,  in  1*42 
second.    Taking  83  miles  as  the  unit,  there  was  in  these  observa- 
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tiona  a  teries  of  distances  employed  wluch  would  be  represented' 
by  the  nnmben  ifi,  3,  6,  and  12.  But  if  the  force  diminished  in 
the  ratio  of  the  square  of  the  distance,  the  transmission  through 
the  lyooo-mile  length  of  wire  should  hare  been  140  times 
as  slow  as  through  the  83  miles  length;  that  is,  it  should  hare 
required  12  seconds  for  its  completion.  The  results  of  a  very 
large  number  of  experiments  appeared  to  haye  established  the  fact, 
*  That  the  velocity  of  movement  of  a  fnagneto-dectrie  current 
through  a  gutta-percha-covered  copper  wire  of  1 6  guage  is  300  miles 
in  firom  iV  ^  iV  ^^  <^  second ;  600  miles  in  -^  to  j^  of  a  second;  and 
900  miles  in  from  ^  to  j  of  a  second.  The  series  of  distances 
being  represented  by  i,  2,  3,  the  corresponding  series  representing 
velocity  becomes  \f  ^f  ^V;  <>'  thereabouts.  With  a  wire  500  miles 
long,  350  signaLs  were  attainable  in  a  period  which  allowed  of 
exactly  270  distinct  signals  when  a  wire  1,020  miles  was  used. 

According  to  the  experiments  of  Whitehouse  (The  AiUmHc 
Telegraph,  p.  20),  the  velocity  with  which  electricity  moves  through 
a  wire  vsries  with  the  strength  or  quantity  of  the  electrical  current 
sent  through  it.  His  investigations  also  led  him  to  believe  that 
the  assumption  that  electrical  currents  move  in  submarine  or  sub- 
terranean circuits  with  velocities  in  inverse  ratio  to  the  squares  of 
the  length  of  the  circuity  is  not  borne  out  by  experiments : — 

'Seven  small  pieces  of  zinc  were  prepared,  and  covered  entirely  with 
aealing-wax,  firagments  of  copperwire  being  attached  to  serve  as  copper 
plates.  Tbe  sealing-wax  was  then  chipped  off  just  from  the  point  of  each, 
leaving  a  minute  portion  of  the  metal  bare.  These  zinc  plates  having  been' 
put  into  seven  small  acid-charged  jars,  and  so  constituted  a  voltaic  battery, 
a  receiving  instrument  was  set  printing  by  means  of  it  throns^h  600  miles  of 
wire.  The  printing  instrument  performed  its  work  with  the  utmost  facility ; 
but  by  means  of  the  recording  apparatus,  it  was  proved  that  the  current  took 
nine-tenths  of  a  second  to  make  its  journey.  From  a  voltaic  sand  battery 
of  twelve  pairs  of  four-inch  plates,  the  current  took  forty-four  hundredths 
of  a  second  to  traverse  600  miles  of  wire. 

'  Seventy-two  pairs  of  sand  battery  |f>lates,  each  sixteen  inches  sqnare  in 
area,  which  lifted  1,400  grains  in  the  magneto-electrometer  at  thQ  end  of 
600  miles  of  wire,  generated  a  current  which  took  forty-four  hundredths  oi 
a  second  to  traverse  that  distance.  Two  large  double  induction  coils  thirty- 
six  inches  long  (the  secondary  coils  being  composed  of  a  mile  and  a  third  of 
fine  wire),  and  excited  by  ten  pairs  of  plates  of  100  sqnare  inches  each* 
arranged  as  a  Smee*8  battery  (100-6),  gave  rise  to  a  current  which  could  only 
lift  745  grains  at  the  end  of  a  600-mile  wire ;  but  the  current  in  this  case 
travelled  throngh  the  entire  length  of  wire  in  nineteen-hundredths  of  a 

second The  mean  or  average  speed  for  voltaic  electricity 

in  a  No.  16  guage  copper  wire  of  a  certain  determinate  length  waa  about 
1,400  miles  per  second ;  the  mean  or  average  of  speed  of  the  magneto-electric 
current  in  a  similar  wire  of  equal  length  was  about  4,300  miles  per  second. 
Tbe  maximum  speed  attained  by  voltaic  electricity  waa  1,800  miles  per 
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second ;  the  maximam  of  the  magneto-electric  current  was  6»ooo  miles  per 
second. 

*With  a  length  of  166  miles  of  cable,  the  velocity  of  movement  of  the 
simple  voltaic  current  came  out  *i6  of  a  second ;  with  a  wire  of  the  same 
length,  but  double  the  siase,  the  velocity  was  *2i  of  a  second;  and  with  a 
#wire  treble  the  siase,  -28  of  a  second.  With  the  same  length,  the  velocity  of 
yie  double  induction  current  came  out  with  the  first  wire,  '08 ;  with  the 
second,  "09 ;  and  with  the  third,  '095  of  a  second.  With  a  length  of  250 
miles,  the  velocity  for  voltaic  electricity  was  with  the  first  wire,  *29,  and 
with  the  second,  '406  of  a  second;  and  for  the  double  induction  current, 
*I45  and  '185  of  a  second ;  so  that  increasing  the  size  of  the  conductor 
augments  retardation  in  the  transmission  of  electricity  through  it.  The  **  law 
of  the  squares,"  therefore,  does  not  apply  to  the  transmission  of  electricity- 
along  submarine  or  subterranean  gutta  percha  wire  (the  facility  of  trans- 
mission being  estimated  by  the  rate  of  speed),  because  the  case  is  not  one  of 
simple  conduction,  but  of  transmission,  after  the  wire  has  been  charged 
inductively  to  saturation  as  a  Leyden  jar.  Tills  fact  is  of  the  utmost  im- 
portance in  ocean  telegraphy.' 

In  the  montliof  October  1856  signals  were  distinctly  and  satis- 
fSEUJtorily  telegraphed  through  2,000  miles  of  the  underground 
wires  belonging  to  the  works  of  the  English  and  Irish  Magnetic 
Telegraph  Company,  by  magneto-electric  induction  currents,  by 
Messrs.  Bright  and  Whitehouse,  in  the  presence  of  Professor 
Morse  of  the  United  States.  The  signals  were  distinctly  and 
satisfactorily  telegraphed  through  the  whole  length,  at  the  rate  of 
azo,  241,  and  (upon  one  occasion)  270  per  minute. 
.  a.  ExperimenU  of  Latimer  Clark  and  Professor  Hughes  (iJe- 
port  of  Uie  Submarine  Telegraph  Committee), — The  instrument; 
employed  by  these  electricians  for  measuring  the  velocity  of  electric 
currents  was  a  modification  of  the  type-printing  telegraph  of 
Hughes  (220).  In  an  experiment  in  which  a  current  was  sent 
through  a  resistance  coil  equal  to  460  miles  of  wire,  it  was  found 
that  the  resistance  of  the  coil  had  not  any  effect  in  diminishing 
the  velocity  of  the  passage  of  the  current,  but  only  that  of  lessening 
its  amount.  When,  however,  the  same  current  was  sent  through 
submarine  cables  of  different  lengths,  the  following  retardations 
were  observed : — 

Through   75  miles  the  retardation  was  '025  of  a  second 
n       »3i      n  tt  ft    •080       „ 

»       3^5      »  »  »    *i4^       f> 

n        4^31       M  n  n     '160         » 

If  these  numbers  be  plotted  out  as  ordinates,  they  will  be  found 
to  fall  nearly  in  a  straight  line,  and  to  favour  the  idea  that  the 
speed  of  propagation  varies  directly  as  the  length  of  the  cable,  and 
not  as  the  square  of  the  length.    This,  for  some  as  yet  unexplained 
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reason^  does  not  coincide  with  the  received  law  of  tranflmisaon. 
The  velocity  of  propagation  does  not  depend  simply  on  the  length 
or  resistance  of  a  circuit,  but  on  the  relative  amount  of  in- 
ductive surface  and  the  supply  of  electricity.  According  to 
Professor  Thomson,  (Athenaum,  Nov.  1,  1856),  the  law  of  the 4 
squares  remains  altogether  untouched  by  the  experiments  of 
"Whitehouse. 

3.  Researches  of  FleenUng  Jenkin  (PhU,  Trans,,  1862).— The 
experiments  were  made  on  the  Red  Sea  cable  when  coilM  in  iron 
tanks  at  Birkenhead^  and  the  following  conclusions  were  arrived 
at:— 

1.  The  electromotive  force  has  no  appreciable  effect  on  the  velocity  with 
which  the  current  is  transmitted. 

2.  The  rate  of  decrease  in  the  current  at  the  remote  end,  after  contact  has 
been  mad«  for  a  given  time  with  the  earth  at  the  near  end,  is  the  same  as 
the  rate  of  increase  observed  after  making  contact  with  the  battery  at  the 
near  end  for  an  equal  time. 

3.  Reversals  of  the  current  in  no  way  modify  the  arrival  carve  daring 
its  increase,  nor  do  they  modify  the  curve  showing  the  decrease  of  the 
current 

4.  On  all  submarine  cables  there  is  a  limit  to  the  number  of  signals  which 
can  be  sent  per  minute,  a  limit  which  cannot  be  exceeded  by  any  ingenioos 
contrivance. 

5.  There  is  a  wide  margin  between  the  limit  set  to  the  speed  of  trans* 
mission  by  the  gradual  diminution  of  the  received  signals  and  that  set  by 
their  interference. 

6.  The  use  of  reverse  currents  does  not  alter  the  limit  set  by  the  gradoal 
diminution  of  th«  received  sio^als,  nor  that  set  by  their  interftsrence.* 

7.  Signals  can  be  sent  without  confusion,  at  any  speed  which  will  allow 
the  shortest  signal  used  to  cause  a  sensible  variation  in  the  received 
current. 

8.  The  apparent  increase  of  resistance  of  the  gutta-percha  is  rather  due 
to  an  absorption  of  electricity,  which  is  again  given  out,  than  to  a  real  change 
in  the  conductivity  of  the  material. 

9.  The  rate  of  transmission  varies  as  the  square  of  the  length,  whether 
by  rate  of  transmission  be  meant  that  speed  at  which  repeated  signals  fidl 
to  produce  any  sensible  effect,  or  the  rate  producing  so  great  an  amplitude 
that  common  hand-signals  can  be  received  without  confusion. 

10.  The  resistance  of  the  battery  and  receiving  instrument  produces 
nearly  the  same  effect  as  the  addition  of  an  equal  length  of  submaxine 
cable. 

4.  JResearches  of  CromweU  Varley  (PhU,  Trans,,  1862). — ^Prom 
the  imponderable  nature  of  electricity  (considered  as  a  fluid),  from 
its  incompressibility,  and  other  circtmistances,  Varley  infers  that 
the  electric  current  commences  flowing  out  at  one  end  of  the  cable 
at  the  very  instant  that  contact  is  made  with  the  battery  at  the 
other  end;  but  it  is  a  considerable  time  before  it  reaches  an 
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Appreciable  strengtli;  it  then  goes  on  augmenting  in  strength, 
approaching  to,  but  never  absolutely  attaining,  its  maximum 
force.  As  the  first  part  of  the  wave  commences  to  appear  in- 
stantly, and  as  the  top  of  the  wave  would  require  an  indefinitely 
long  period  of  time  to  be  reached,  the  part  of  the  wave  best  suited 
for  investigation  Varley  .considered  to  be  half  the  maximum,  as  at 
tiiat  period  the  changes  of  its  intensity  in  a  given  time  are  more 
rapid  than  at  any  other.  He  invented  a  machine  for  bisecting  the 
dectric  wave,  by  which  he  was  enabled  to  determine  the  relative 
rates  of  tranfflnision  through  cables  of  different  lengths  with  great 
accuracy. 

'  From  a  series  of  experiments  made  upon  a  cable  which  had 
been  laid  in  the  Mediterranean,  but  which  had  been  lying  exposed 
to  the  sun  and  weather  in  the  East  India  Docks  for  some  years,  it 
was  ascertained  that  Thomson's  law, '  that  in  submarine  cables  of 
different  lengths  the  speed  is  inversely  as  the  square  of  the  dis- 
tance,' is  substantially  correct  in  practice.  Experiments  were  also 
made  to  determine  the  effect  of  applying  resistances  to  one  end  of 
the  cable.  For  instance,  a  telegraphic  instrument  when  applied 
to  the  cable  augments  the  resistance  of  the  circuit ;  and  when  a 
resistance  equal  to  half  that  of  the  cable  was  applied  at  one  end, 
the  rate  of  the  electric  wave  througH  it  was  decreased  to  three-" 
quarters.  When  a  resistance  equal  to  the  whole  of  the  cable  was 
added  at  one  end,  so  as  to  double  the  resistance  of  the  whole 
circuit,  the  speed  was  reduced  to  about  three-fifths;  and  when 
resistance  double  that  of  the  cable  was  added,  the  speed  was 
reduced  rather  more  than  one-half;  but  variations  in  the  electro- 
motive force  produced  no  sensible  variation  in  the  speed  of  the 
wavesi 

Experiments  tried  upon  the  Dunwich  and  Landvoot  cable  after 
it  was  submerged,  and  the  insulation  of  which  was  very  high, 
showed  that  doubling  the  length  of  the  circuit  reduced  the  speed 
nearly  four  times ;  the  cable,  being  here  in  a  straight  line,  was 
exposed  to  much  less  magneto-electric  induction  than  if  it  had 
been  in  a  coiled  mass.  The  experiments  on  the  Mediterranean 
cable  showed  that  with  three  times  the  length  the  speed  was 
reduced  nearly  nine  times.  By  the  introduction  midway  in  the 
circuit  of  an  escape  {circiM  dfyrivi)^  the  speed  of  transmission  was 
doubled ;  by  the  establishment,  therefore,  of  a  series  of  escapes 
judiciously  along  the  cable,  the  speed  of  transmission  may  be  aug- 
mented to  a  very  high  degree,  without  weakening  the  current  too 
much  for  the  purpose  of  telegraphy. 

-  Experiments  tried  with  currents  of  various  duration  gave  some 
important  results,  the  highe|t  speed  being  obtained  when  the  cable 
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was  connected  to  the  battery  for  a  very  short  interval  of  time,  and 
immediately  afterwards  put  to  earth.  In  this  way  through  540 
miles  the  speed  of  the  wave  was  increased  from  i  •326  to  37.  Varley 
likewise  made  special  experiments,  to  determine  what  amount  of 
retardation  is  due  to  the  magnetization  of  the  iron  covering  of 
submarine  cables;  and  the  results  showed.it  to  be  so  small^  com- 
pared with  the  retardation  due  to  electrical  induction,  that  is 
estimating  the  speed  of  the  electric  wave  it  may  be  n^lected. 

(238)  Slstributloii  of  Znduoed  Bleotridtj  in  &ongr  8a1>« 
marine  Cables. — ^Arrangements  were  made  by  Latimer  Clark 
(JReport  of  the  Submarine  Telegraph  Committee)^  by  which  a  battery- 
current  from  64  cells  could  be  sent  along  800  miles  of  wire  (re- 
presented by  resistance  coils).  A  length  of  4  miles  of  guttsi- 
percha  wire  immersed  in  water  was  also  arranged  so  that  it  could 
be  connected  through  a  galvanometer  successively  at  different 
points  along  the  800  miles.  The  current  was  sent  through  the 
coil  suddenly,  by  means  of  an  induction  key  ]  a  certain  portion 
passing  through  the  galvanometer  into  the  submerged  wire,  which 
of  course  charged  the  wire  up  to  a  certain  tension  equal  to  that  of 
the  line  at  the  spot  at  which  the  galvanometer  was  connected* 
The  amoimt  of  induction  was  found  to  be  almost  exactly  propop> 
tional  to  the  distance  from  the  end  of  the  line.  Thus,  at  100  miles 
the  deflections  at  charge  and  discharge  were,  7*20  and  6*60 ;  at 
200  miles,  14*35  <^d  13*45  j  ^^  ¥^^  miles,  27*6  and  28*8  \  and  at 
800  miles,  56*9  and  557. 

The  time  occupied  in  charging  and  discharging  a  cable  with  its 
distant  end  to  earth  varies  as  the  square  of  the  length.  In  a  cable 
200  miles  long,  the  amount  of  elec^city  under  induction  is  twice 
as  great  as  in  a  cable  100  miles  long,  using  the  same  battery-^ 
tension,  and  the  electricity  has  twice  as  far  to  flow  before  reaching 
its  destination.  Now,  as  the  long  cable  has  twice  the  quantity  A 
electricity,  and  as  the  electricity  has  twice  as  far  to  travel,  the 
time  occupied  by  charge  and  discharge  will  be  twice  as  long—- 
hence  the  above  law. 

(239)  Bleetrie  ixraves. — ^If  two  or  three  successive  currents  of 
short  duration  be  sent  into  a  long  cable,  they  will,  if  of  sufficient 
magnitude,  travel  onwards  separately,  and  emerge  in  succession 
from  the  other  end ;  and  this  fact  is  usefully  taken  advantage  of 
to  increase  the  speed  of  working  in  long  cables. 

Electric  waves  may  be  of  three  lands: — i.  Those  consisting  of 
positive  electricity ;  2.  Those  consisting  of  negdiive  electricity ;  3, 
Those  consisting  of  both  positive  and  negative  electricity  together. 
In  waves  of  positive  electricity  the  tension  of  the  vnre  rises 
alternately  above  that  of  the  earth,  a^d  sinks  to  o^    In  negative 
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wayes  tlie  tension  falls  bdow  that  of  the  earth,  and  rises  to  o®. 
They  are  identical  in  their  characteristics^  and  follow  the  same 
laws.  In  working  with  a  douhle  current,  that  is,  with  alternate 
negative  and  positive  waves,  there  is  an  important  practical  adr 
vantage.  It  is  necessary  with  single  currents  to  use  a  spring,  or 
other  mechanical  contrivance,  to  bring  the  magnet  or  the  armature 
back  to  its  position  of  rest.  The  force  necessary  to  effect  this  has 
to  be  subtracted  from  the  efficient  force  of  tiie  current.  With 
double  currents  the  armature  or  magnet  moves  passively  imder 
the  influence  of  the  alternate  currents,  the  whole  power  of  the 
current  being  effective  to  make  and  break  contact. 

(240)  Tbe  Amoant  of  Zndnetton  U  not  the  aamo  at  all 
Volnts  of  tlio  &iBe« — Let  A,  B,  c,  B,  E,  F,  &  represent  a  long  sub- 


Fig.  388. 


marine  cable  with  a  current  flowing  through  it,  and  let  a  h  repre- 
sent the  tension  near  the  battery ;  it  is  found,  experimentally,  that 
the  tension  at  other  points,  B,  0,  b,  &c.,  varies  as  the  distance  ^m 
the  battery,  and  that  the  line  H  e  represents  the  tension  of  the 
electricity  at  all  points.  But  the  quantity  of  induced  electricity 
varies  as  the  tension^  therefore  the  perpendiculars,  b,  0,  D,  &c.y 
will  correctly  represent  the  amount  of  induction  at  all  points  along 
the  line. 

The  whole  amoimt  of  induction  in  the  cable  is  represented  by 
the  triangle  H  A  e ;  and  if  this  triangle  be  divided  into  sections 
by  the  perpendicular  lines  a,  b,  g,  b,  e,  f,  the  area  included 
between  any  two  of  these  perpendiculars  will  correctly  represent 
the  amount  oi^  induction  upon  that  section  of  the  cable.  Now  it 
is  the  properly  of  a  triangle,  that  if  the  base,  A  e,  be  divided  by 
«ny  number  of  equal  lengths,  and  perpendiculars  such  as  b,  0,  D, 
&c.,  be  erected  upon  it,  if  the  area  of  the  smallest  section,  f  e, 
=  X,  the  area  of  all  the  other  sections  vnll  increase  in  the  ratio  of 
the  odd  numbers,  x,  3;  5^  7^  9,  ix.  Consequently,  if  the  whole 
length  of  any  submarine  cable  be  conceived  to  be  divided  into  any 
number  of  equal  parts,  the  quantity  of  electricity  stored  up  induc- 
tively in  each  section  vnll  be  in  the  ratio  of  x,  3,  St  7>  9i  >  if  ^9 
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.therefore,  if  a  cable  be  divided  into  three  parts,  the  section  nearest 
the  battery  will  have  five  parts  of  electricily,  the  middle  l^iree 
parts,  and  the  distant  section  one  part ;  aad  this  independent  of 
the  battery  power,  bearing  in  mind  that  the  standard  tension  of 
any  section  depends  not  on  the  number  of  cells,  but  on  the  actual 
tension  measured  close  to  the  battery. 

If  the  battery  be  disconnected  from,  the  cable,  the  whole  of  the 
electricity  will  flow  out  at  the  distant  end  to  the  earth ;  but  if 
the  near  end  of  the  cable  at  the  instant  it  is  disconnected  from  the 
battery  is  connected  with  the  earth,  a  much  larger  quantity  of 
electricity  rushes  out  at  the  near  end  than  at  the  distant  end,  and 
the  tension  is  very  much  greater. 

(241)  ZiQiwa  wbicli  &effiilate  tSie  Qnantlty  of  €Sharge 
wliioli  Bnters  a  Cable. — (Latimer  Clark.) — ^The  entire  commer- 
cial value  of  the  telegraph  depends  upon  the  time  occupied  in 
charging  and  discharging,  and  the  rate  at  which  signals  can  be 
distributed  through  the  cable  within  a  given  period.  The  name 
of  retardation,  which  was  given  to  this  phenomenon  by  its  dis- 
coverer, Latimer  Clark,  is  still  commonly  used.  Before  the  contact 
of  the  battery  with  a  cable  whose  distant  end  is  to  earth,  the  ten- 
aon  of  the  former  is  at  its  maximum ;  bj^t  upon  contact  the  current 
enters  freely  into  the  empty  cable,  the  tension,  unless  the  battery 
be  immensely  large,  at  first  falling,  and  again  rising  as  the  6ucce»- 
sive  sections  of  the  cable  (240)  gradually  became  charged.  The 
tension  near  the  battery  gradually  becomes  greater,  imtil  the 
flow  of  electricity  out  at  the  distant  end  equals  the  supply  at 
the  near  end,  and  all  the  tensions  have  attained  their  final  states. 
During  this  interval,  the  tensions  would  be  represented  at  each 
moment  by  a  curved  line  if  the  battery  be  small,  and  by  a  straight 
line  if  it  be  infinitely  large.  Now  after  the  equilibrium  has  been 
80  obtained,  we  have  seen  (240)  that  the  quantity  of  electricity  in 

any  given  section  of  the  cable,  as 
A  B,  may  be  represented  geome- 
trically by  the  triangle  A  B  D ; 
also,  that  if  the  tension  of  the  bat- 
tery remain  the  same,  the  quan- 
tity in  any  longer  cable,  A  c,  may 
also  be  represented  by  the  triangle 
A  c  D.  Now  if  we  suppose  ^a 
cable  A  B  to  be  100  miles  long,  and  a  c  200  miles,  we  shall  see 
that  the  whole  amount  of  electricity  under  induction  in  a  c  will 
be  twice  as  great  as  in  A  B ;  for  the  triangle  a  B  B  is  one-half 
of  the  parallelogram  abed,  and  the  triangle  A  c  D  is  likewise 
h^  the  parallelogram  a  c  E  p  ^  and  since  of  these  two  parallelo- 
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grams  one  is  just  twice  as  larg%  as  the  otlier,  the  triangle  a  c  b 
will  be  twice  as  large  as  A  b  D.  The  whole  electricity  in  the  200 
miles  will,  therefore^  be  exactly  twice  as  great  as  that  in  100.  It 
will  be  seen,  at  the  same  time,  that  the  average  distance  through 
which  the  electricity  has  to  flow  before  reaching  its  destination, 
and  before  returning  to  the  earth,  is  exactly  twice  the  average 
distance  which  the  electricity  in  A  B  has  to  flow ;  and,  therefore, 
the  longer  cable  A  c  not  only  has  twice  the  electricity  in  it,  but 
that  electricity  has  twice  as  far  to  travel,  and  consequently  the 
time  occupied  by  the  charge  and  discharge  will  be  four  times  as 
long.  Similarly,  if  the  cable  A  c  had  been  three  times  as  long  as 
A  B,  the  quantity  of  electricity  under  induction  would  have  been 
three  times  as  great,  and  the  average  distance  it  would  have  had 
to  traverse  woidd  also  have  been  three  times  as  fSur^andconsequently 
it  would  have  taken  nvae  times  as  long  to  become  charged.  In 
other  words,  the  time  occupied  in  charging  and  discharging  a  cable 
with  its  distant  end  to  earth  will,  according  to  this  theory,  vary 
lis  the  square  of  its  length.  This  law  was  first  enunciated  by  Pro- 
fessor Thomson  in  a  paper  read  before  the  Koyal  Society  in  May 
1855,  and  published  in  the  proceedings  of  that  year,  in  which  the 
question  was  submitted  to  the  highest  mathematical  analysis. 

There  is  no  increase  in  the  speed  of  transmission  of  the  electric 
current  by  increasing  the  tension  of  the  battery  \  for,  let  the  in- 
duction in  a  cable  with  any  given  tension,  say  100  elements,  be 
represented  by  a  triangle,  as  in  Fig.  388,  and  let  the  time  occu- 
pied by  the  passage  of  the  electricity  into  the  cable  be  represented 
by  1.  Now  if  we  double  the  tension  of  the  battery,  the  quantity 
of  electricity  contained  in  the  cable  will  be  twice  as  great  as  it  was 
before ;  but  while  entering  the  cable,  each  particle  will  be  forced 
in  under  twice  the  tension  that  existed  in  the  first  case ;  and  we 
have  seen  that  the  quantity  of  electricity  flowing  through  a  wire 
in  a  given  time  varies  directly  as  the  tension  \  consequently  the 
double  quantity  contained  in  the  cable  under  the  double  tension, 
will  occupy  the  same  time  in  entering  and  leaving  the  cable  as 
the  original  quantity  did  under  the  lower  tension. 

(242)  Testingr  abort  Xieiiirtlis  of  Cable. — ^An  instrument 
frequently  employed  for  this  purpose  is  Thomson's  divided  ring 
electrometer.  A  general  description  of  this  beautiful  instrument 
has  already  been  given  (42);  its  application  to  the  testing  of 
liables  will  perhaps  be  more  clearly  understood  from  Fig.  390, 
which  illustrates  tiie  principle  on  which  it  is  constructed  (Fleemmg 
Jenkm,  Cantor  Lectures) : — 

A  light  flat  alaminium  needle,  n  b,  balanced  by  a  coanterpoise,  is  saspended 
by  a  plstinnm  wire  from  a  point  connected  with  (he  inteiior  coating  of 
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a  Leyden  jar.  Under  the  needle  twtf  half  rings,  l  and  m^  are  placed,  with 
the  division  on  one  side,  directly  under  the  alaminium  needle  in  its  positioa 
of  rest.  The  whole  is  placed  inside  a  metal  case,  not  shown  in  the  drawing. 
Suppose  the  needle  a  b  not  to  be  charged,  then  if  l  be  connected  with  x,  an 
electrified  body,  while  m  is  connected  with  the  earth,  the  needle  will  turn 

slightly  towards  L,  and  thia 
Yig^  jM.  ^l  he  the  case  whether  the 

electricity  of  x  be  positive  or 
negative.  If  we  now  charge 
the  Leyden  jar  with,  say,  ne- 
gative electricity,  the  needle 
will  be  brought  to  the  same 
*  potential '  as  the  inner  coat- 
ing; it  will  be  much  more 
strongly  attracted  than  befone 
by  L  if  the  electricity  of  x  be 
positive,  and  would  be  power- 
fhlly  repelled  if  x  were  nega- 
tive. If  X  loses  its  electricity 
and  returns  to  the  potential  of 
the  earth,  the  needle  a  b  will 
return  to  its  original  indiffer* 
ent  position  between  l  and  m, 
being  equally  attracted  by  both.  One  object  of  connecting  the  needle  with 
a  Leyden  jar  is  to  provide  a  considerable  supply  of  electricity  for  the  needle, 
'so  that  the  unavoidable  slight  leakage  which  must  occur  may  not  affect 
one  test,  or  even  a  series  of  tests.  A  loss  of  one  unit  of  electricity  pe)r 
minute  will  matter  little  if  the  whole  store  be  i,ooo  such  as  may  be  held  by 
the  jar;  but  if  the  store  be  only  one  or  two  units,  such  as  would  be  received 
by  the  needle,  such  a  loss  would  be  fatal.  The  deflections  will  also  be 
greater,  and  the  instrument  will  be  more  sensitive,  the  higher  the  potential 
with  which  the  jar  is  charged ;  but  the  indications  will  only  be  constant  so 
long  as  the  jar  is  charged  to  the  same  deg^ree. 

In  the  instrument  as  made,  the  deflections  are  shown  by  a  spot  of  liglit 
reflected  iVom  a  mirror  hung  above  the  needle,  as  in  the  reflecting  galvano- 
meter (145).  The  Leyden  jar  is  placed  in  an  atmosphere  dried  by  sulphuric 
acid,  and  will  hold  a  sensibly  constant  charge  for  days  at  a  time.  Finally, 
the  metal  case  screens  the  needle  from  all  attraction  or  repulsion  by  electri- 
fied bodies  outride,  owing  to  a  well-known  law.  The  deflections,  bein^ 
angularly  very  small,  are  proportional  to  the  potentials  of  the  bodies  to  be 
tested,  which  are  connected  with  l,  while  m  is  kept  permanently  connected 
with  the  earth. 

With  this  instrument,  nothing  is  easier  than  to  compare  aoca-* 
rately  the  times  occupied  by  the  charged  conductor  of  a  piece  of 
cable  covered  with  water  in  falling  from  the  first  tension  to  half 
or  any  other  fraction,  and  the  times  thus  occupied  are  relative 
measures  of  the  insulation  resistance  of  the  insulating  cover.  No 
Tery  high  tension  is  required,  and  the  test  by  this  instrument  gives 
one  direct  proof  of  the  identity  of  electricity  given  by  friction,  and 
that  from  the  voltaic  batteiy. 
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In  making  the  test,  the  cahle  may  be  charged  by  a  spark  or  two 
from  a  machine  or  electrophorus,  or  it  may  be  charged  by  simple 
contact  for  an  instant  With  a  wire  joined  to  one  pole  of  a  voltaic 
battery  of,  say,  50  or  100  elements. 

The  following  formula  gives  the  means  of  calculating  in  B  A 
units  (i  14)  the  resistance  of  the  insulator.  When  the  potential  P 
at  the  beginning  and^  at  the  end  of  a  time  t  measured  in  seconds 
are  known — 


Or, 


P 

P 


T>^  Q'4343  t 

s  log.  E. 
p 


In  the  iirst  of  these  equations  the  hyperbolic,  and  in  the  second 
P 
the  ordinary  logarithm  of  -  is  used,  but  in  both  we  have  a  quantity, 

Qf  called  the  capacity  of  the  cable. 

The  joints  of  insulated  conductors  are  tested  thus : — The  joint 
is  dipped  into  an  insulated  trough  connected  with  the  test-plate  l; 
it  is  electrified  by  a  machine  or  electrophorus,  and  the  loss  by 
leakage  into  the  cable  at  that  point  watched.  The  conductor 
should  be  connected  with  the  centre.  Extreme  care  and  deonli- 
ness  is  absolutely  necessary  in  conducting  experiments  of  this 
nature,  and  an  ar^dallyrdried  atmosphere  b  indispensable  in  all 
cases  where  extremely  high  insulation  is  required.  As  an  example 
of  what  can  be  done  by  selecting  proper  materials,  and  by  drying 
the  atmosphere  so  as  to  prevent  a  moist  film  from  being  deposited 
on  the  instrument,  F.  Jenkin  (Cantor Lectures)  states  that  Leyden 
jars  in  Professor  Thomson's  electrometers  can  be  made  to  hold  their 
charge  so  well,  that  not  one-half  per  cent,  will  escape  in  24  hours. 
Such  a  cable  as  the  Atlantic  faUs  from  charge  to  half-charge  in 
about  fifteen  minutes. 

JProfessor  Thomson's  Portable  Electrometer, — This  instrument  is 
also  used  for  testing  the  insulating  powers  of  materials,  by  observ- 
ing gradual  loss  of  charge  from  a  body  insulated  by  these  mate- 
rials^ for  testing  the  electromotive  force  of  batteries  and  other 
electromotors;  and  for  various  other  purposes  where  great  delicacy 
and  accuracy  are  required. 

In  a  former  part  of  this  work  (42),  mention  has  been  made  of 
this  beautiful  electrometer.  For  the  following  detailed  descrip- 
tion of  it,  and  the  theory  of  its  action,  we  are  indebted  to  Mr. 
Fleeming  Jenkin,  F.R.S. : — 

HH 
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It  consists  especially  of  six  parts : 

I.  The  Leyden  jwr,  the  inner  coating  of  which  extends  over  the  lower 
pert  of  the  jar  only,  and  is  connected  with  a  brass  plate,  the  upper  surface 
of  which  is  exposed  to  the  air  inside  the  jar,  and  has  no  external  armature 
near  it. 

ft.  The  moveable'  test-plate,  parallel  with  the  above,  and  meant  to  be 
connected  with  the  object,  the  electrical  condition  of  which  is  to  be  tested. 

3.  An  index  moved  by  the  force  exerted  between  the  t^t-plate  and  the 
plate  connected  with  the  inner  coating  of  a  Leyden  jar. 

4.  'An  electrode  from  the  test-plate,  protected  by  a  cap  or  covering,  which 
prevents  external  undried  air  frvm  entering  the  Leyden  jar. 

5.  A  brass  covering  protecting  the  contents  fh>m  external  electrical 
influence. 

6.  A  receptacle  for  pumice-stone,  to  be  saturated  with  sulphuric  add  for 
the  purpose  of  maintaining  an  artificially-dried  atmosphere. 

The  arrangement  of  these  parts  will  be  understood  by  reference 
to  the  two  following  illustrations  (Figs.  391  and  392).  The  Leyden 

j  ar  is  formed  by  the  glass  jar 


Kg.  191. 


X  H  (Fig.  392:  2),  covered 
externally  by  a  brass  pro- 
tecting cover  with  open- 
ings, through  which  the 
interior  can  be  seen.  The 
external  coaling  of  this  jar 
is  confined  to  the  lower 
portion,  and  is  formed  by 
the  brass  cup  n  n  (Pig.  392 : 
2  and  3),  the  upper  sur- 
face of  which  is  coated 
with  a  brass  plate^  n  (Rg. 
39f2:  2), 

This  jar  can  be  charged 
only  by  putting  a  wire, 
insulated  with  indiarubber, 
down  through  the  hole  a 
(Fig.  39 1 :  i)  in  the  cover  of 
the  instrument.  Thechaige 
can  be  given  by  a  succes- 
sion of  sparks  from  an 
electrophorus  (Fig.  392 :  7 
and  8) ;  it  may  be  positive 
or  negative,  according 
to  the  manner  in  which 
the  instrument  is  used. 
•When  the  charge  is  given,  the  wire  is  withdrawn,  and  the 
hole  Q  closed  with  a  cover.  The  moveable  test-plate  is  marked  a  a. 
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Jt  is  a  thin^  flat,  circular  brass  plate^  carried  by  a  glass  insulating 
column  F.  Tbis  column  is  carried  by  a  braes  cylinder  s,  which  can 
be  raised  or  lowered  by  a  micrometer  screw,  worked  by  the  turning 
nut  a.   The  lower  flange  of  this  nut  k  is  divided  into  1 00  parts.    The 
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brass  cylinder  s  projects  at  its  upper  end  beyond  the  nut ;  and  on  this 
projection  a  scale  is  marked,  each  division  of  which  corresponds  to 
one  turn  of  the  micrometer  screw.  By  this  scale,  and  the  divisions 
on  the  nut,  the  distance  through  which  the  test-plate  is  raised  or 
lowered  can  be  read  to,  say,  77^7^^^^  P^  of  an  inch. 

A  force  of  attraction  or  repulsion  will  be  exerted  between  the 
test-plate  a  and  the  plate  n,  according  as  the  two  are  electrified^ 
similarly  or  dissimilarly.  The  force  will  in  any  case  increase  as 
the  test-plate  is  lowered,  and  decrease  as  it  is  raised.  This  force 
is  made  use  of  to  move  the  index  b  c  D  (Fig.  392). 

This  index  consists :  ist,  of  a  small,  square,  light  aluminium  plate 
B^  level  with  the  surface  of  the  plate  ir ;  sndlj,  of  a  bent  ann  passing 
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under  thb  plate,  and  carrying  a  little  fork  with  a  crom-liair  at  B 
(Figs.  391 :  1,  and  392 :  2  and  3).  This  little  fork  comes  through  the 
cup  N  n  n,  and  can  be  seen  through  the  glass  of  the  Leyden  jar.  The 
index  is  supported  on  a  fine^  light,  horizontal  wire  e  e  (Fig.  392: 3), 
on  which  it  oscillates  freely  within  certain  limits.  The  oscillations^ 
indicating  the  rise  or  fall  of  the  plate  b,  are  shown  by  the  fall  or 
rise  of  the  cross-hair  d^  relatiyely  to  two  little  black  spots,  marked 
on  white  paper  immediately  behind  the  cross-hair.  When  the 
hair  exactly  bisects  the  space  between  the  two  spots,  as  at  d  (Fig. 
391 :  i),  it  occupies  what, is  called  the  '  sighted'  position^  and  the 
plate  B  is  then  exactly  flush  with  the  surface  of  n. 

To  facilitate  the  observations  of  the  cross-hair,  and  to  ayoid 
parallax,  a  lens  is  placed  a  little  distance  in  front  of  the  spots. 
When  the  lens,  E,  is  drawn  back  from  the  glass  as  far  as  is 
allowed  by  the  little  slide;  the  hair  and  spots  are  seen  greatly 
magnified ;  and  Ihe  hair  will  only  appear  strtught  when  Uie  eye 
is  in  the  right  position,  i.e.  exactly  opposite  the  centre  of 
the  two  spots.  The  use  of  this  index  is  to  show  whether  the  force 
exerted  between  the  test-plate  and  the  plate  b  is  such  as  to  bring 
the  plate  exactly  flush  with  m,  A  slight  torsion  is  giyen  to  the 
wire  ee,ixi  such  a  direction  as^  when  neither  test-plate  nor  Leyden 
jar  are  electrified,  will  bring  the  plate  b  below  n,  and  the  cross* 
hair  above  the  sighted  position.  The  test-plate  is  electrified  by 
means  of  an  electrode  or  terminal  h  (Fig.  391),  which  projects 
through  an  opening  in  the  brass  cover.  This  electrode  is  sup- 
ported by  an  insulating  glass  pillar  e,  and  is  connected  elec- 
trically with  the  test-plate  by  the  wire  b,  A  cap  or  cover- 
ing; I,  glides  up  and  down  on  the  rod  h.  When  pressed  down, 
as  it  always  ^ould  be  when  no  test  is  being  made,  it  excludes 
the  air  from  the  jar  at  this  point,  and  also  connects  the  test- 
plate  electrically  with  the  outer  case  of  the  Leyden  jar.  When 
the  cap  is  raised,  it  forms  part  of  the  insulated  system  of  the  test- 
plate,  and  still  serves  to  prevent  any  rapid  interchange  of  air  be- 
tween the  inside  and  outside  of  the  jar.  The  lead  case  L  (Fig.  392), 
contains  pumice-stone  moistened  with  sulphuric  add,  for  the 
purpose  of  keeping  up  an  artificially-dried  atmosphere  within  tite 
instrument. 

To  use  the  instrument  proceed  as  follows : — TtesB  tlie  cap  «t  i 
(Fig.  391)  down  till  it  touches  the  cover  of  the  instrument;  nose 
the  test-plate  by  turning  tiie  nut  a  till  about  twenty  diviaona 
can  be  read  at  the  scale  at  K ;  uncover  the  hole  in  the  lid  at  q; 
put  the  india-rubber-covered  wire  0  p  (Fig.  391 :  6)  through  the 
hole  Q;  taking  care  that  the  bare  copper  touches  the  plate 
IS,  a&d  does  not  touch  the  test-plate  a^   tondb  the  haie  end 
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of  the  insulated  wire  projecting  from,  the  pole  a  with  ike  chAiged 
cover  of  the  electrophorus^  (Fig.  ^^% :  7) ;  and  repeat  the  operation  a 
considerable  numbw  of  times,  till  the  cross-hair  at  %  drops  from 
above  the  '  sighted'  position  to  below ;  then  carefully  and  rapidly 
withdraw  the  charging  wire,  and  dose  the  hole  a.  The  fall  of  the 
cro6&-hair  will  have  been  due  to  the  attraction  exerted  between  the* 
plate  B^  now  charged,  and  the  test-plate  which  is  in  connection 
with  the  earth.  The  charge  on  b  is  sufficient  (if  the  attraction 
just  mentioned  is  sufficient),  to  overcome  the  torsion  of  the  wire, 
when  the  test-plate  is  at  such  a  distance  from  B  as  corresponds  to 
twenty  divisions  on  the  scale. 

Next  look  through  the  lens^  taking  care  to  keep  the  instrument 
to  the  eye  in  such  a  relative  position  that  the  hair  looks  straight 
and  not  distorted. 

Turn  the  nut  k  slowly,  till  the  hair  comes  to  exactly  the  ^  sighted' 
position.  When  the  cross-hair  is  below  the  '  sighted '  position,  the 
nut  must  be  turned  in  the  direction  in  which  the  hands  of  a  watch 
move;  this  raises  the  test-plate,  a^d  diminishes  the  attraction. 
When  the  hair  is  above  the  sighted  podtion;  the  nut  must  be 
tamed  the  other  way.  When  the  cross-hair  is  exactly  m  the 
sighted  position,  the  scale  must  be  read  and  noted  down.  Read 
first  the  scale  at  k,  and  write  down  the  two  figures  as  read,  as 
thousandths  and  hundredths.  Next  observe  the  division  cm  the 
nut  k,  opposite  the  arrow  on  the  lid,  and  write  down  the  figures  as 
tenths  and  units.  Thus^  if  21  divisions  are  exposed  at  x,  and  the 
division  65  is  opposite  the  arrow  on  the  lid,  write  down  the 
observation  as  si  65 ;  and  this  number  is  called  the  earth^eadmfff 
because  the  test-plate  was  in  connection  with  the  earth  at  the 
time.  It  serves  first  to  indicate  the  degree  of  charge  in  the 
Leyden  jar ;  and  secondly,  as  a  starting-point  from  which  to  measure 
the  diffisrence  in  the  electrical  condition  of  other  bodies  from  that 
of  the  earth.  JSven  in  the  best  instrument,  the  earth-reading  will 
not  remain  sensibly  constant  when  the  Leyden  jar  is  first  charged ; 
the  observer  will  ^d  that  every  few  minutes  he  must  turn  the 
nut  k  a  little  round,  lowering  the  test-plate  A,  increasing  the  read- 
ing. This  is  due  to  the  gradual  partial  absorpticm  of  the  charge 
into  the  glass  of  the  Leyden  jar.  If  the  jar  were  suddenly  partly 
discharged,  and  a  new  earth-reading  taken,  this  reading  would 
slowly  increase,  owing  to  the  gradual  redelivery  of  the  electricity 
previously  absorbed.  For  these  reasons  the  jar  should  be  charged 
for  some  hours  before  the  instrument  is  to  be  used,  and  the  charge 
should  not  be  disturbed  or  altered  in  any  way  before  or  during 
the  observations.    If  the  instrument  be  in  good  order,  the  eartb- 
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reading  will  be  found  sensibly  constant  about  twelve  boun  after* 
charging,  and  an  observation  can  then  be  made. 

Raise  the  little  cap  i;  put  the  body  to  be  tested  in  electrical 
connection  with  the  wire  h ;  turn  the  nut  k  until  the  cross-hair 
is  again  in  the  'sighted*  position.  Bead  the  scales  as  before, 
and  note  the  result  on  the  last  reading.  Subtract  the  earth- 
reading  from  the  test-reading;  the  difference  measures  the 
potential,  or  (as  it  is  sometimes  called)  the  tension  of  the  body 
tested.  K  the  difference  is  pos&ive,  the  electricity  of  the  body 
tested  will  be  of  the  same  nature  as  that  of  the  Leyden  jar,  and 
vieeversd. 

Example  x-^ 

Let  us  suppose  that  the  Jar  was  cbarged  by  tbe  tbin  metal  disc  of  the 
electrophcMrus,  the  charge  will  of  coarse  be  potUive.  Let  the  earth-reading 
be  i»95o,  and  tbe  test-reading  r,2io;  then  l£e  electricity  of  the  body 
tested  is  nepaihe,  and  its  potential,  according  to  an  arbitrary  scale  differing 
with  each  instrument,  is  7404 

Suppose  tbe  test-reading  to  be  2,320,  then  the  electricity  of  the  body  is 
potiiwe,  and  its  potential,  according  to  the  same  scale,  ^o. 

It  is  important  that  the  earth-reading  should  remain  constant 
during  each  experiment ;  it  should  therefore  be  tested  after  each 
experiment,  and  if  it  has  altered  slightly  the  mean  of  the  initial 
and  final  earth-readings  should  be  taken  as  the  true  earth-reading. 

The  body  to  be  tested  may  be  in  contact  with  the  electrodes, 
either  momentarily  or  permanently ;  if  permanent,  it  is  well  to 
use  a  fine  wire  h  (Fig.  391:1),  slipped  into. the  slit  at  q  ;  less  risk  is 
then  run  than  with  a  stronger  connection  of  breaking  the  electrode 
or  its  supports. 

To  test  the  electrical  condition  of  the  atmosphere,  a  slow-burning 
match  may  be  connected  with  A^  or  an  insulated  water-dropper,  as 
described  in  (43). 

Theory  of  the  Instrument* — ^There  are  two  leading  peculiarities 
in  the  construction  of  this  electrometer :  ik^frst  depending  on  an 
arrangement  allowing  strict  numerical  comparisons  to  be  made 
between  any  two  simple  readings  taken  on  the  same  instrument ; 
the  second  depending  on  the  use  of  a  highly-charged  and  insulated 
Leyden  jar,  which  greatly  augments  the  delicacy  of  the  indications, 
and  allows  the  observer  to  distinguish  directly  between  positive 
and  negative  electricity. 

The  law  of  attraction  between  two  plane  and  parallel  surfaces, 
at  different  electric  potentials,  forms  the  basis  on  which  the  theo- 
retical proof  rests  that  the  readings  of  the  instrument  are  alwaya 
•comparable. 

In  a  paper  by  Professor  Thomson  (Froc.  Roy,  Soc,,  i86q,p. 
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1857)^^^  is  shown  that  the  force  exerted  between  two  xparallel 
surfaces  separated  by  a  distance  a,  small  as  compared  with  their 
whole  area^  and  maintained  at  a  difference  of  potential  V^  will  be 

equal  to ^  per  unit  of  area.  The  present  instrument  con- 
tains two  plane  and  parallel  discs^  sufficiently  large,  in  proportion 
to  the  distance  separating  them,  to  fulfil  the  above  conditions 
approximatively.  This  distance  can  be  altered  at  will.  An  index 
is  so  contrived  as  to  move  into  a  '  sighted'  position  whenever  the 
force  exerted  between  the  two  discs  is  exactly  equal  to  a  given 
amount,  constant  under  constant  conditions  for  each  instrument, 
but  varying  in  different  instruments.  By  a  micrometer  screw,  the 
difference  between  any  two  positions  of  the  parallel  planes  can 
be  read.  One  of  the  planes  is  maintained  at  a  constant  height 
but  unknown  potentiid  V ;  the  second,  which  may  be  called  the 
ted-plate,  is  put  in  connection  with  the  body  to  be  tested.  The  test 
is  really  a  comparison  of  the  electric  potential  of  the  body  to  be 
tested  with  that  of  the  earth,  and  is  made  thus : — ^The  test-plate 
is  first  connected  with  the  earth,  and  moves  to  such  a  distance  a^ 
from  the  opposite  plate,  that  the  index  comes  to  its  sighted  posi- 
tion. The  plate  is  next  put  in  connection  with  the  body  to  be 
tested,  and  moved  to  a  firesh  distance  a,,  at  which  the  force  be- 
tween the  planes  is  the  same  as  before,  as  is  shown  by  the  index 
coming  to  the  same  position.  Then  if  a;  be  the  potential  of  the 
body  to  be  tested,  we  have — 

8*1  oj*  as     8ira3^  ' 
and  therefore— 

Now  --  is  a  constant^  for  as  V  diminishes  or  increases,  so  in  an 
a 

equal  ratio  will  a. 

Thus,  the  above  equation  shows  that  in  each  instrument  the 
potential  of  the  body  tested  is  equal  to  a  constant  multiplied  into 
a  difference  of  the  distance  observed  between  the  two  planes  as 
described. 

The  potential  V  is  that  of  the  Ley  den  jar  already  referred  to ; 
and  the  above  equations  show  in  what  sense  the  indications  are 
independent  of  tibe  potential  of  that  charge.  They  show,  how- 
ever, that  the  actual  force  exerted  between  the  planes  is  increased 
rapidly  as  the  charge  increases ;  and  since  this  force  is  employed 
to  move  the  index,  the  use  of  a  highly-charged  plate  causes  the 
indications  of  the  instrument  to  be  comparatively  very  delicate. 
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The  use  of  the  jar  prevents  this  charge  from  vapying  rabidly,  inas- 
much as  a  small  leakage  affects  the  potential  very  little  if  the 
-whole  quantity  be  large,  but  would  rapidly  diminish  the  potential 
if  the  plate  of  it  were  not  in  connection  with  a  store  or  reserve  of 
electricity.  The  sign  of  the  difference  between  aj_  and  a^  gives 
the  sign  of  the  potential  of  the  body  tested 

(24 j)  ]>eto«tloii  of  Vavlta  In  a  Submarine  Cabto. — 
(Fieemmff  Jenkm,  Cantor  Lectures.) — ^Faults  in  cables  may  arise : 
X.  From  a  fracture  or  interruption  in  the  copper  conductor^  which 
nevertheless  remains  insulated  inside  the  guttarpercha  covering. 
2.  From  a  fracture  of  the  copper  conductor  and  gutta-percha,  in 
which  a  consideiable  length  of  copper  wire  remains  exposed  to  the 
water.  3.  From  the  copper  wire  and  gutta-percha  being  both 
broken,  but  little  copper  exposed.  4.  From  the  establishment  ei 
a  connection  between  the  iron  covering  and  the  copper  core  by  a 
nail  or  wire  driven  in.  5.  From  a  hole  in  the  gutta-percha  sheath 
establishing  a  connection  between  the  conductor  and  the  sea. 

The  position  of  the^^  of  these  faults,  which  is  of  course  fol- 
lowed by  a  total  cessation  of  all  communication  between  the  two 
ends  of  the  cable,  may  be  detected  in  two  ways.  The  charge 
which  the  cable  will  contain  ia  first  measured  (236),  and  if  the 
charge  per  knot  is  known^  the  amount  actually  observed  will 
directly  give  the  distance  of  the  break ;  and  the  accuracy  with 
which  the  position  of  the  fault  can  be  determined  is  limited  only 
by  the  accuracy  with  which  the  relative  charges  can  be  compared. 
Suppose,  for  example,  the  discharge  from  a  knot  of  the  cable, 
with  a  given  battery  and  reflecting  galvanometer  (145),  is  repre- 
sented by  a  deflection  of  10  divisions,  and  the  discharge  from  a 
cable  containing  a  broken  copper  conductor  is  100  divisions,  we 
may  feel  certain  that  the  fault  is  about  10  miles  from  the  shore. 
Or,  secondly,  the  resistance  of  the  insulating  sheath  may  be 
measured.  Thus,  if  we  know  by  the  discharge  test  that  the  cable 
is  insulated  where  broken,  and  find  the  insulation  reiustanoe  to  be 
x,ooo  units,  whereas  the  insulation  resistance  of  one  knot  is 
x,ooo,ooo  units,  we  may  conclude  that  the  fault  Is  1,000  miles  off, 
as  it  will  require  1,000  miles  of  sound  core  to  give  so  small  a 
resistance  as  1,000  units. 

A  fault  of  the  second  land  likewise  wholly  stops  communication 
between  the  two  ends  of  the  cable.  In  this  case  the  resistance  of 
the  copper  conductor  measured  from  the  shore  measures  the 
distance  of  the  fault.  We  know  the  resistance  per  knot,  and  if 
we  observe  500  times  the  resistance,  the  fault  is  500  miles  off,  the 
resistance  of  the  earth  itself  being  nil.  It  is  by  this  test  that  the 
operators  at  Valencia  are  able  to  tell  that  they  have  still  the  fuU 


Digitized  by 


Google 


DETECTION  OF  FAULTS  IN  A  CABLE.  473 

lengtb  of  caBliQ  between  them  and  the  spot  where  the  cable  was 
fijst  broken. 

The  third  chiss  of  fault  ia  where  the  connection  between  the 
sea  and  the  copper  exkts,  but  is  imperfect^  or  due  to  only  a  small 
area  of  exposed  copper.  It  Assesses  considerable  resistance^  scmie- 
times  more  than  that  of  all  the  copper  conductor  of  the  cable ;  and 
what  is  worse,  this  resistance  is  inconstant,  varying  rapidly  and 
capriciously  between  extremely  wide  limits.  The  test  tor  resist- 
ance in  that  case  simply  tells  us  that  the  fault  cannot  be  beyond 
the  distance  corresponcUng  to  the  smallest  resistance  observed. 

The  fourth  kind  of  fault  corresponds  almost  exactly  in  behaviour 
to  the  second,  but  the  connection  with  the  sea  is  still  more  perfect. 
The  resistance  will  vary  still  less ;  and  there  will  be  a  total  absence 
of  the  feeble  currents  which  result  from  the  copper  and  iron  of  a 
cable  when  broken  and  separated  by  saltwater. 

The^iSMdnd  of  fault  is  easily  detected.  There  is  a  considerable 
fall  in  the  insulation  resistance,  and  a  sb'ght  or  moderate  fall  in 
the  apparent  resistance  of  the  copper  conductor  between  the  two 
stations ;  but  messages  can  still  be  transmitted,  as  a  portion  only 
of  the  whole  current  inversely  proportional  to  the  resistance  of  the 
fault  escapes  into  the  sea.  If  one  station  insulates  the  cable,  and 
the  other  measures  the  resistance,  the  fault  behaves  like  a  fault  of 
the  third  class,  and  this  test  will  not  detect  its  position.  If,  how- 
ever, one  resistance  of  the  fault  remain  constant,  and  two  measure- 
ments of  resistaaice,  K  and  r,  be  made  from  station  A,  when  station 
B  respectively  insulates  the  end  of  the  cable  and  connects  it  with 
the  earth,  we  obtain  two  equations,  concerning  the  resistances  in 
which  there  is  only  one  unknown  quantity — ^viz.,  the  resistance  of 
the  fault.    When  this  is  eliminated,  the  following  equation  is 

obtained : —  

D=r-  V  (R-r)  (L-r) 

where  D^the  resistance  of  the  conductor  between  the  fault  and 
the  observer,  and  L=the  resistance  of  the  whole  conductor  be- 
tween the  stations.  Successive  tests  from  the  two  stations,  the 
distant  end  being  insulated  in  each  case,  will  also  give  two  equa- 
tions, by  which,  on  the  same  supposition  that  the  resistance  of  the 
fiftult  remains  constant,  its  position  can  be  determined.  Then 
calling  R  and  B^  the  resistance  in  the  two  cases^  we  have — 

L  -f  (R  •■  Ri) 

When  D  is  the  reeistance  of  the  conductor  between  the  station 
which  observed  the  resistance  R  and  the  fault,  and  when  a  return 
insulated  wire  can  be  substituted  for  the  earth,  so  that  the  observer 
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has  both  ends  of  a  complete  metallic  dicoit  before  him,  the  posi- 
tion of  a  fault  such  as  is  described,  even  of  a  varying  resistance, 
can  be  accurately  determined.  Varley  uses  a  differential  galvano- 
meter (144)  to  ascertain  when  an  equal  current  runs  into  both 
ends  of  the  metallic  circuit  and  out  at  the  fault  This  will  only 
be  the  case  when  the  resistance  between  the  galvanometer  and  the 
feult  is  the  same  by  both  roads.  This  condition  is  easQy  fulfilled 
by  adding  resistance  coils  between  one  coil  of  the  galvanometer 

ng.  J9J. 


and  the  defective  wire.  The  resistance  which  must  thus  be  added, 
to  bring  the  galvanometer  to  zero,  is  obvimisly  equal  to  twice  the 
resistance  of  the  metallic  conductor  between  the  fault  and  the 
distant  station.  Wheatstone'sbalance  (i  10)  may  be  so  arrangedas  to 
give  another  method,  by  making  the  connections  as  in  Fig.  393, 
where  the  fault,  supposed  to  be  at  o,  forms,  as  it  were,  part  of  the 
galvanometer  wire.  In  this  case,  as  in  the  preceding,  a  variation 
in  the  resistance  of  the  fault  does  not  affect  the  result ;  it  will 
cause  a  greater  or  less  deflection  of  the  galvanometer  until  the 
desired  balance  is  effected ;  but  it  will  not  alter  the  relative  resist- 
ances of  the  several  parts  of  the  main  circuit  required  to  reduce 
the  deflections  to  zero. 

The  test  is  made  by  adjusting  the  relative  resistances  of  A  and 
B  until  no  deflection  is  obtained,  then  the  fault  will  be  at  a  point 

A        C 

such  that  ^  =  5>  where  C  and  D  represent  the  resistance  of  the 

conductor,  separating  m  from  the  fault,  and  n  from  the  fault. 
When  the  total  resistance  of  the  conductor  is  known,  this  will 
^ve  the  positions  of  the  fault  very  accurately. 

Mr.  John  Murray,  of  Glasgow,  is  said,  by  Professor  Thomson 
(F,  Jenkm),  to  have  first  applied  this  test  on  board  the  Niagara, 
during  the  first  Atlantic  expedition.    It  was  re-invented  by  F. 
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Jenkin,  and  may  be  used  to  detect  very  small  CEtults^eyen  on  short 
lengths. 

Another  plan  of  determining  the  position  oi  a  fault  of  this 
nature,  is  the  joint  inyention  of  Professor  Thomson  and  Mr. 
ileeming  JenMn  (Cantor  Lectures),  The  connections  required 
are  shown  in  Fig.  393,  where  e  is  a  galvanometer  f  s  an  elec- 

Fig.J94. 


trometer  at  the  same  station;  s^  an  electrometer  at  a  distant 
station,  where  the  end  of  the  submerged  cable,  1  B,  is  insulated. 
The  battery  e  s  is  connected  with  the  other  end  of  the  cable. 
Then  let  c  =  the  current  obserred  at  the  galvanometer ;  v  the 
potential  at  the  distant  station  f  ft  =  the  length  of  the  cable ; 
x:  the  resistance  of  the  unit  lengths  of  the  conductor ;  n  the  resist- 
ance of  the  unit  length  of  insulator  to  conduction  across  the  sheath ; 
and  let 


y 


K  ^ 


All  these  quantities  may  be  known,,  and  should  be  measured  in  the 
so-called  absolute  units^  or  other  equally  coherent  system.  Let 
X  be  the  distance  of  the  fault  from  the  sMp  or  galvanometer  sta- 
tion: then — 

when 


«        ^        K-        IT     »* 


and 


D-U 


,-a/  ^   5c-V. 


Undoubtedly  this  test  is  not  of  so  simple  a  nature  that  it  could  be 
executed  by  a  clerk,  but  it  is  interesting  to  know  that  a  test  does 
exist  by  which  even  a  fault  of  this  description,  which  has  hitherto 
baffled  electricians,  can  have  its  positions  fixed  with  mathematical 
certainty.    This  is  the  more  important,  as  the  connections  shown 
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in  the  figme  are  predaely  thone  wMeli  are  the  lieet  adapted  fat 
tests  during  the  submersion  of  a  cable.  The  marine  galyanometer 
e  would  give  one  test  of  insulation,  the  electrometer  s  a  second 
one,  the  electrometer  Sj  a  third  test  on  shore.  The  shore  ivT>uld 
speak  to  the  ship  without  causing  a  suspension  of  the  insulation 
test,  either  on  s  or  e ;  and  eyen  when  the  ship  speaks  to  the  shore, 
the  electrometer  s  will  maintain  the  insulation  test,  as  it  is  not 
aflected,  like  the  galvanometer,  by  the  rush  of  the  current  in  and 
out  of  the  cable,  as  it  is  partly  discharged  or  additionally  charged 
by  the  withdrawal  or  addition  of  part  of  the  battery  power.  The 
electrometers  have,  on  the  same  grounds/ a  superiority  over  the 
galyanometers  in  their  behaviour  under  the  influence  of  earth- 
currents  or  the  rolling  of  the  ship. 
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ELECTBIC  CLOCKS. 

I 

MISCELLANEOUS  PBACTICAL  APPLICATIONS  OF  ELBCTBICITT. 

Electric  Clocks:  Bain's^  Wheatstone's,  Jones's,  Bregnet's^  Shepherd's, 
Koosen's—OhroDOscopes — Chronographs — Electric  Thermometers — Elec- 
tric Target— Electric  Log— Electric  Break— Electric  Boiler  Feed— Elec- 
tric Hydrostatim^r— Electric  Engraving  Machine — Electric  Loom — 
Besearches  of  Wilde— The  Quantity  of  Electricity  giyen  by  Indnction 
Machines. 

(244)  Bleotiio  Clocks. — ^^crm'«.— The  mechanism  of  this  in- 
genions  instrument^  which  was  exhibited  in  the  spring  of  1841  at 
the  Polytechnic  Institution^  will  be  understood  from  Figs.  395 
ttoid  396. 

B  (Fig.  394)  is  a  badc-Tiew  of  an  ordinary  clock  with  a  patdolnm  Tibrat- 
ing  seconds ;  c^  a  plate  of  ivory  affixed  to  the  frame  of  the  clock,  in  the  mid- 
die  of  which  is  inserted  a  slip  of  brass  in  connection  with  the  positiTe  pole  of 
a  Toltaic  battery.  To  the  pendnlam  is  attached  a  rery  light  brass  spring,  f, 
in  snch  a  manner  that  «Tery  yibration  of  the  pendulom  brings  the  ffee  end 
of  the  -spring  into  contact  with  the  strip  of  brass,  thos  completing  the  elec- 
tric drcnit,  which  is  broken  as  soon  as  the  spring  tooches  the  ivory.  A 
series  of  electric  clocks  may  be  connected  by  meana  of  the  wires  with  this 
dock,  and  if  a  voltaic  battery  be  indnded  in  the  circuit,  they  will  all  go 


Fig.  395  is  a  back-viow  of  one  of  the  electric  clocks :  a  is  an  eleetro-mmi^A, 
and  b  its  feeder,  suspended  by  a  Hiring,  pendulum-fashion ;  c  is  a  small 
screw,  to  regulate  the  distance  of  the  feeder  from  the  eUctro-msgnet.  At 
the  lower  end  of  the  feeder  is  jointed  a  light  dick-lever,  d,  falling  into  the 
teeth  of  a  ratchet-wheel,  e ;  /  is  a  spring  to  keep  the  ratchet-wheel  steady. 
When  the  pendulum  of  the  dock  sends  an  electric  current  through  the 
conducting  wire,  the  feeder  is  attracted  by  the  magnet,  and  the  dick  lever 
d  takes  over  one  tooth  of  the  ratchet-wheel;  upon  the  cunrent  being  arrested 
(by  the  spring  F  of  the  pendulum,  leaving  the  dip  of  brass  in  the  primary 
clock),  the  feeder  falls  back  into  its  former  position,  and  causes  the  click- 
lever  to  draw  the  ratchet-wheel  one  tooth  forward.  The  arbor  of  this 
rachet-whed  carries  the  iecondt-kandf  which  is  thus  taken  forward  one 
degree  ev«iy  second,  corresponding  to  the  vibration  of  the  dock  b.  A  pinion 
on  ibe  mcbet'orbor^ves  laotion  to  other  simple  whedwoik»  whidi  cairiw 
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the  minate  and  hour  handa    When  a  large  number  of  clodu  hare  to  be 
worked,  the  ratchet-wheel  is  placed  on  the  arbor  of  the  mmttU-handt  and  is 


Fig.  J95» 


Fig.  196. 


moved  every  minute  instead  <^  eveiy  second.  An  ivory  circle,  with  dips 
or  stnds  of  metal  inserted  flush  with  its  face,  corresponding  to  the  num- 
ber of  clocks  intended  to  be  worked,  is  txed  on  the  Hix  of  the  r^^ating  or 
primary  clock ;  in  the  centre  of  this  circle  is  placed  the  arbor  of  the 
seconds-hand  a(  the  clock,  upon  which  is  fixed  a  slight  metal  spring,  with 
its  free  end  in  contact  with  the  ivory  circle.  The  conducting  wire  fVom  the 
positive  pole  of  the  battery  is  in  connection  with  the  framework  of  the 
clock;  every  time,  therefore,  that  the  seconds-hand  passes  over  a  metal 
stud  in  the  ivory  circle,  an  electric  circuit  is  completed,  and  a  current  trans- 
mitted to  the  clock,  or  group  of  clocks,  in  connection  with  that  particular 
stud.  As  the  seoonds-haod  passes  over  every  portion  of  the  circle  once  in 
each  minute,  the  whole  number  of  clocks  thus  connected  with  the  reg^ulating 
dock  will  be  moved  forward  one  degree  every  minute.  By  this  means  a 
large  proportion  of  electric  power  is  saved,  for  the  battery  has  only  a  single 
clock,  or  a  small  group  of  clocks,  to  work  at  the  same  instant  of  time. 

BaifCa  Electric  Pendulums, — ^These  are  shown  in  Figs.  397  and 
398  {History  of  Electric  Clocks,  by  Alexander  Bain),  la  Fig.  397, 
the  wooden  pendulum  is  suspended  from  a  metal  bracket,  h,  which 
is  finnly  fixed  to  the  board  A  a.  The  bob  of  the  pendulum  b  is 
composed  of  a  leel  of  insulated  copper  wire,  having  (merely  to 
improve  the  appearance)  a  brass  covering ;  the  ends  of  the  wire 
are  carried  up  the  rod^  and  terminate  in  two  suspension  springs,  i 
and  J,  which  serve  the  double  purpose  of  suspending  the  pendulum 
and  conyeying  electricity  to  and  from  the  wire  in  the  bob  b;  m  is 
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are  two  brass  tubes  fixed  to  the  sides  of  the  case,  and  facing  each 
other;  a,  b,  Cjf,  ^  is  an  apparatus  called  the  breaks  for  letting  on 
and  cutting  off  the  electric  current  to  and  from  the  wire  in  the 
pendulum  b^  and  performing  the  same  office  for  clocks  in  distant 


Fig.J97» 


Fig.  398. 


places,  z  is  a  plate  of  zinc  buried  in  the  ground ;  c  is  a  plate  of 
copper  or,  what  is  equally  good,  a  quantity  of  carbon  (common 
coke  or  wood-charcoal).  In  private  houses  and  other  establish- 
ments in  townS|  the  ground  underneath  the  floor  of  the  coal-cellar. 
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or  the  flags  of  the  area,  is  a  suitable  position  for  sinMiig  the  plates; 
or  they  may  be  placed  in  any  other  situation  where  &ee  access 
may  be  had  to  the  moist  soiL  In  country  establishments  there 
will  be  no  difficulty^  as  the  plates  may  be  buried  in  any  part  of 
the  garden ;  s  and  d'  are  wires  connecting  the  zinc  and  carbon 
with  the  pendulum.  These  wires  should  be  enlirely  insulated, 
and  for  this  purpose  gutta-percha  is  the  best  material ;  thus  pro- 
tected^ they  may  be  carried  to  any  distance  in  any  manner  most 
convenient. 

The  zinc  and  carbon  should  be  buried  in  the  soil  at  least  three 
feet  deep,  and  should  not  be  less  than  four  feet  apart.  To  unite 
the  wire  D  with  the  zinc  plate,  it  may  be  simply  soldered;  but  in 
uniting  the  wire  d'  with  the  carbon,  a  piece  of  platinum  wire  must 
be  soldered  to  the  end  of  the  copper  wire,  and  the  other  end  of  the 
platinum  wire  tied  firmly  round  a  small  piece  of  the  carbon  and 
placed  in  the  centre  of  the  mass.  Especial  attention  must  be  given 
to  this,  as  it  has  been  found  in  every  instance,  that  if  the  copper 
wire  come  into  contact  with  the  carbon  it  will  inevitably  corrode. 

Another  plan,  equally  good,  is  to  drill  a  smaU  hole  in  a  piece  of 
the  carbon,  and  drive  in  a  plug,  likewise  made  of  carbon,  with  the 
end  of  the  platinum  wire.  If  the  plate  c  be  composed  of  copper, 
it  will  simply  be  necessary  to  solder  the  copper  wire  to  it.  The 
break  is  composed  of  two  metal  standards,  a  and  6,  fixed  to  the 
back  of  the  case ;  c  is  a  wooden  or  ivory  bar,  fixed  (but  easily 
moveable)  in  the  standards  by  means  of  binding-screws.  On  the 
surface  of  the  end  of  the  wood  or  ivory  bar/  is  inserted  a  strip  of 
gold  concave  on  the  upper  surface,  as  seen  at  v,  Fig,  399,  which  is 

Pig.  J99. 

w — * — ^  # 

in  metallic  contact  with  the  standard  b.  At  the  end,  ff,  of  the  bar 
is  inserted  (bound  in  a  metal  ring)  a  small  piece  of  agate  and  a 
piece  of  gold,  both  semicircular,  represented  in  Fig.  399 ;  the  light 
part  being  the  gold,  the  dark  part  the  agate,  with  a  shallow  groove 
cut  in  the  surface  of  each,  similar  to  that  in  the  gold  at  p.  In  the 
grooved  part  of  the  agate,  and  perfectly  flush  with  the  surface,  is 
inserted  a  plug  of  gold.  The  plug  of  gold  is  in  metallic  connec- 
tion with  the  bracket  a.  The  semicircular  piece  of  gold  is  to  form 
the  connection  with  other  clocks  at  a  distance ;  /^  represents  a  thin- 
kneed  bar,  the  ends  of  which  rest  and  slide  f^ely  in  the  grooves 
or  concave  parts  already  described;  B  is  the  regulating  weight 
which  brings  the  penduLum  to  time.    The  opening  ui  the  interior 
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of  the  reel  b  is  large  enough  to  permit  the  pendulum  to  vibrate 
freely,  without  the  liability  of  touching  the  tubes  n  n.  The  sus- 
pension springy,  being  connected  by  a  wire  with  the  carbon,  if  the 
end  of  the  kneed  bar  rest  on  the  gold  plug  in  the  agate,  the  elec- 
tric circuit  will  be  complete,  and  the  course  of  the  current  may 
be  thus  described.  The  current  is  supposed  to  begin  at  the  plate 
of  zinc  in  the  ground,  thence  through  the  moisture  of  the  earth  to 
the  carbon,  then  through  the  wire  d',  as  shown  by  the  arrows,  to  the 
springy,  through  the  spring  down  a  wire  to  the  coil  of  the  insu- 
lated wire  in  the  bob  B,  which  it  permeates,  and  thence  by  the 
wire  I  to  the  spring  t,  to  the  bracket  a  of  the  break,  through  the 
gold  plug  in  the  agate  to  the  point  ff  of  the  bar  fff,  then  through 
the  bar  to  the  bracket  b,  and  returning  by  the  wire  D  to  the  zinc 
plate,  as  shown  by  the  arrows. 

The  mechanism  and  the  means  of  establishing  the  galvanic 
power  being  thus  explained,  the  manner  of  its  operation  remains 
to  be  described.  When  the  electricity  is  thus  passing,  it  renders 
the  coil  of  the  wire  in  the  bob  B  magnetic  ,*  that  is^  it  gives  it  all 
the  properties  of  a  magnet  with  dissimilar  poles,  N.  and  S.  In  the 
diagram  the  N.  pole  is  to  the  right-hand,  and  the  S.  pole  to  the 
left.  Now  the  permanent  magnets  having  their  N.  poles  inwards 
next  to  the  coil,  it  is  evident,  by  the  well-known  law  of  magnet- 
ism, that  the  N.  pole  of  the  left-hand  magnet  will  attract  the  S. 
pole  of  the  coil ;  while,  at  the  same  instant,  the  N.  pole  of  the  right- 
hand  magnet  will  repel  the  N.  pole  of  the  coil,  and  by  means  of 
these  actions  the  pendulum  will  receive  an  impetus  towards  the 
left.  It  cannot,  under  these  circumstances,  hang  perpendicularly ; 
but  if  the  galvanic  current  is  broken  (which  can  be  done  by  slid- 
ing the  bar  gfa.  little  to  the  left,  till  the  point  is  off  the  gold  plug), 
the  coil  being  no  longer  magnetic,  the  magnet  will  have  no  further 
effect  upon  it  j  the  pendulum  is,  therefore,  free  to  go  back  in  the 
contrary  direction.  The  pendulum  itself  gives  motion  to  the  slid- 
ing bar  by  means  of  the  pin  dy  which  projects  from  the  rod,  and 
acts- on  the  kneed  part  of  the  bar.  If  we  now  take  hold  of  the 
pendulum  with  the  hand,  and  move  it  to  the  right  till  the  point 
of  the  bar  is  on  the  gold  plug,  and  then  let  it  swing  back,  it  re- 
ceives an  impulse  from  the  magnets  as  just  explained.  When  it 
arrives  at  the  end  of  its  excursion  to  the  left,  it  will  of  itself  push 
the  sliding  bar  off  the  gold  plug ;  the  power  will  then  cease,  and 
it  is  free  to  return  to  the  right-hand  by  its  own  momentum,  until 
it  pushes  the  sliding  bar  again  on  to  the  gold  plug,  and  thereby 
receiving  another  impulse,  will  continue  its  vibrations,  which  will 
increase  in  length  till  the  point  of  the  sliding  bar  is  carried  beyond 
the  surface  of  the  plug  on  the  right,  and  partly  on  to  the  agate,  this 

II 


Digitized  by 


Google 


482      MISCBLLANBOTO  APPLICATIONS  OF  BLBCTRICITT. 

action  cutting  off  a  great  portion  of  the  electric  current;  and  if 
the  vibration  increase  in  the  smallest  degree,  the  power  during 
one  vibration  is  entirely  cut  off 

In  this  way  the  pendulum  is  kept  precisely  at  one  given  arc  of 
vibration,  however  variable  the  electric  current  may  be,  provided 
only  that  there  be  always  sufficient  power.  It  may  be  here  re- 
marked, that  the  lower  the  break  is  placed  with  reference  to  the 
pendulum,  the  greater  will  be  the  accuracy  of  its  vibration.  This 
governing  principle  of  the  break  is  a  most  important  feature  in  the 
invention,  and  is  accomplished  without  any  extra  work  or  friction. 
For  large  church  clocks  an  apparatus  termed  a  mutator  is  employed, 
which,  instead  of  cutting  off  the  current,  changes  its  direction,  so 
that  the  pendulum  receives  its  impulse,  both  from  right  to  left,  and 
from  left  to  right,  but  it  has  the  same  governing  principle  as  the 
break  just  described. 

Another  arrangement  of  pendulum  is  represented  in  Fig.  398, 
with  its  earth  battery  and  connecting  wires.  The  magnets  are  in 
the  bob  of  the  pendulum,  and  the  coils  of  wire  are  fixed  to  the 
case ;  or  in  other  words,  the  permanent  magnets  move,  and  the 
temporary  magnets,  viz.  the  coils  of  wire,  d  d,  are  fixed  :— 

h  is  the  pendalum-rod  suspended  in  the  ordinary  way  by  a  single  steel 
spring  to  the  bracket  a\  cc  are  two  semicircular  permanent  steel  magnets 
having  N.  poles  pointing  to  the  left,  and  S.  poles  pointing  to  the  right. 
d  d  are  two  oblong  coils  of  insulated  copper  wire,  fixed  to  the  back  of  the 
case,  the  opening  in  the  coils  being  large  enough  to  allow  the  bob  of  the 
pendulum  to  mov€  freely  without  the  liability  of  touching.  The  break  in 
this  case  is  the  same  in  principle  and  action  as  that  already  explained,  but 
the  connecting  parts  are  covered  with  brass  caps,  to  exclude  the  dust.  The 
action  is  as  follows : — 

When  the  galvanic  current  is  let  on,  the  coil  <f  attracts  the  N.  poles  of  the 
magnets  of  the  pendulum-bob ;  at  the  same  time  the  coil  cT  repels  the  S. 
pole;  the  pendulum  thus  gets  its  impulse  to  the  left,  and  the  current  being 
cut  off  by  the  break,  as  explained  in  the  description  of  Fig.  397,  the  pen- 
dulum is  free  to  return  by  its  own  momentum,  and  the  motion  is  thus  per* 
petuated. 

It  will  be  observed  that  these  pendulums  are  moved,  not  by 
mechanical  means,  which  involve  friction  and  wear,  but  by  mag« 
Betic  power  in  which  there  is  none  of  either  j  and  even  that  power 
is  applied  at  the  tdmost  in  every  second  vibration,  though  in  actual 
practice  it  is  not  in  full  force  more  than  once  in  every  fifth  vibra- 
tion, the  only  friction  (which  is  very  slight)  being  the  sliding  bar 
f  g  on  the  break.  The  pendulums  are  regulated  to  time  in  the 
ordinary  way,  by  raising  or  lowering  the  weight  B,  or  by  raising 
or  lowering  the  bob  itself. 

Communication  of  Motion  to  the  Sands  of  the  C7ocA;.  — The 
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mecliaiiism  for  effecting  this  is  sliown  in  Fig.  400.  There  are  but 
two  wheels  in  the  train  besides  the  dial  wheels,  and  as  these  are 
moved  in  the  ordinary  way,  they  are  not  shown  in  the  figure ; — a  a 
are  the  frames  fitted 

to  each  other  in  the  Fig.  400* 

usual  manner ;  fixed 
to  the  top  of  the 
frames  is  a  cross-bar 
to  which  the  pen- 
dulum may  be  sus- 
pended ;  c  is  the  top 
portion  of  the  pen- 
dulum, which  is  sus- 
pended at  rf;  /is 
the  crutch,  shown 
by  two  dotted  lines, 
having  its  axis  at  e ; 
on  the  same  axis  is 
the  arm  A,  which 
carries  the  click  i ; 
k  and  /  are  projec- 
tions from  the  inner 
part  of  the  back 
frame ;  these  are 
the  bearings  of  a 
spindle  which  car- 
ries the  ratchet- 
wheel  at  9,  and  a 
worm  which  works 
into  the  teeth  of  the 
wheel  w,  the  arbor 
of  the  wheel  pro- 
jecting through  the 
front  frame. 

The  action  is  as 
follows : — The  pen- 
dulum-rod, in  its 
excursion  to  the  left, 
comes  against  the 
projecting  pin  ^, 
which   is   fixed    in 

the  lower  end  of  the  crutch,  and  pushes  it  aside ;  this  action  gives 
similar  motion  through  the  crutch  and  axle  e  to  thfe  arm  h  and 
click  t,  and  this  causes  the  point  of  the  click  to  slip  over  one  tooth 
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of  the  ratchet-wheel.  When  the  peDdulum  takes  its  excursion 
to  the  right,  the  crutch  follows  hy  means  of  its  own  weight  (or  a 
small  weight  attached  to  it)^  and  the  click  t  pushes  the  ratchet- 
wheel  forward  the  space  of  one  tooth  ;  the  worm  gives  motion  to 
the  wheel  m,  and  this  to  the  dialwork  and  hands  in  the  usual 
manner.  The  pendulum,  besides  this,  lets  on  currents  of  electricity 
to  other  clocks  or  indicators  at  any  distance ;  and  this  important 
object  it  accomplishes  without  any  wear  or  tear,  and  without  any 
friction ;  for  when  the  point  g  of  the  bar  is  off  the  gold  plug, 
which  is  in  connection  with  the  pendulum,  it  is  moved  on  to  the 
gold  grooved  plate,  which  is  connected  with  the  distant  clocks,  thus 
letting  on  the  current  to  the  pendulum  and  clocks  at  a  distance 
alternately.  By  this  arrangement  there  is  a  great  economising  of 
electric  power :  as,  when  the  current  is  cut  off  from  the  clocks, 
it  is  working  the  pendulum,  and  when  cut  off  from  the  pendulum, 
it  is  working  the  clocks ;  and  thus  there  is  no  moment  when  the 
electric  current  is  not  in  practical  operation. 

The  Affiliated  or  Companion  Clock, — ^The  mechanism  of  one  of 
these  clocks  is  shown  in  Fig.  401. 

Pig.  401. 
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'  a  a  is  a  brass  plate  to  which  the  dial  and  all  parts  of  the  mechanism  are 
fixed ;  c  c  are  reels  filled  with  insulated  copper  wire ;  ef  is  a  semicircular 
permanent  steel  magnet,  a  similar  one  being  on  the  other  side.  These 
magnets  are  fixed  to  an  axle  by  means  of  arms,  poles  of  the  same  name 
being  opposite  each  other ;  and  the  poles  vibrate  freely  in  the  interior  of  the 
coils.  These  coils  are  joined  to,  and  form  part  of,  the  electric  circuit  with 
the  parent  clock,  and  by  the  transmission  of  electric  currents  from  thence^ 
the  magnets  d  vibrate  in  unison  with  the  pendulum. 

Having  thus  obtained  uniform  motion  between  the  pendulum  of  the 
parent  clock  and  the  magnets  of  the  affiliated  ones,  it  remains  to  be  shown 
how  motion  is  given  to  the  hands  of  the  latter :  /  is  a  small  frame  fixed  on 
the  same  axle  as  the  magnets.  This  frame  carries  the  little  click  g,  which 
acts  in  the  teeth  of  the  ratchet-wheel  h ;  this  wheel  is  carried  by  the  spindle 
t,  in  which  is  a  screw  or  worm  working  in  the  teeth  of  the  wheel  n,  more 
clearly  shown  in  Fig.  402  j  the  axle  of  this  wheel  projects  through  the  plate 

Fig.  401. 


a  a,  and  gives  motion  to  the  hands  in  the  ordinary  way.  /  is  a  straight 
steel  spring  to  keep  the  ratchet-wheel  from  going  back  with  the  click;  k  is 
a  bearing  for  one  end  of  the  axle  of  the  wheel  n ;  the  other  bearing  is  in  the 
plate  aa\  h  represents  the  back  of  the  dial-plate. 

Wheatgtone^s  Electric  Clock. — This  instrument  was  exhibited 
and  explained  at  the  Royal  Society,  Nov.  25,  1840.  In  its  con- 
struction, all  the  parts  employed  in  a  clock  for  maintaining  and 
regulating  the  power  are  entirely  dispensed  with,  ft  consists 
simply  of  a  face  with  its  second,  minute,  and  hour-hands,  and  of  a 
train  of  wheels  which  communicate  motion  from  the  arbor  of  tbe 
eeconds'-hand  to  that  of  the  hour-hand  in  the  same  manner  as  in 
an  ordinary  clock  train ;  a  small  electromagnet  is  caused  to  act 
upon  a  peculiarly  constructed  wheel  placed  on  the  seconds'  arbor 
in  such  a  manner  that  whenever  the  temporary  magnetism  is  either 
produced  or  destroyed,  the  wheel,  and  consequently  the  seconds'- 
hand,  advance  one-sixtietb  part  of  its  revolution.  On  the  axis 
which  carries  the  scape-wheel  of  the  primary  clock  a  small  disc  of 
brass  is  fixed,  which  is  divided  on  its  circumference  into  sixty  equal 
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parts ;  each  alternate  division  is  then  cut  out  and  filled  with  a  piece 
of  woody  so  that  the  circumference  consists  of  thirty  regular  alteina* 
lions  of  wood  and  metal.  An  extremely  light  brass  spring,  which 
is  screwed  to  a  block  of  ivory  or  hard  wood,  and  which  has  no 
connection  with  the  metallic  parts  of  the  clock,  rests  by  its  free 
end  on  the  circumference  of  the  disc.  A  copper  wire  is  fastened 
to  the  end  of  the  spring,  and  proceeds  to  one  end  of  the  wire  of 
the  electromagnet ;  while  another  wire  attached  to  the  clock  frame 
is  continued  until  it  joins  the  other  end  of  that  of  the  same  elec* 
tromagnet.  A  constant  voltaic  battery,  consisting  of  a  few  ele- 
ments of  very  small  dimensions,  is  interposed  in  any  part  of  the 
circuit.  By  this  arrangement  the  circuit  is  periodically  made  and 
broken  in  consequence  of  the  spring  resting  for  one  second  on  a 
metal  division,  and  the  next  second  on  a  wooden  division.  The 
circuit  may  be  extended  to  any  length,  and  any  number  of  electro- 
magnetic instruments  may  be  thus  brought  into  sympathetic  action 
vnth  the  standard  clock.  It  is  necessary  to  observe  that  the  force 
of  the  battery  and  the  proportion  between  the  resistances  of  the 
electro-magnetic  coils,  and  those  of  the  other  parts  of  the  circuity 
must,  in  order  to  produce  the  maximum  effect  with  the  least  ex- 
penditure of  power,  be  varied  to  suit  each  particular  case. 

Joneses  Eledric  CZocA;.— Clocks  worked  by  electricity  are  usually 
either  driven  by  the  galvanic  current  or  regulated  by  the  release 
of  an  escapement  In  these  plans,  if  the  battery  gets  out  of  order; 
if  the  communicating  wire  is  broken  or  badly  insulated ;  or  if  any 
of  the  contacts  are  defective,  the  clock  stops  altogether ;  and  it  is 
probably  this  serious  defect  which  has  hitherto  limited  an  applica- 
tion of  electricity  which  at  first  sight  would  appear  to  offer  very 
considerable  advantages.  Jones's  plan  (Jurors'  JReport  on  Electri-' 
col  Instruments^  International  Exhihitiony  1862)  consists  simply  in 
checking  any  irregularity  of  beat  in  the  pendulum  of  clocks  to  be 
controlled,  by  a  current  passed  from  a  standard  controlling  or 
regulating  clock,  through  coils  forming  part  of  their  pendulum- 
bobs.  Permanent  magnets  are  fixed  on  one  or  both  sides  of  the 
centre  of  the  arcs  of  vibration  of  these  pendulums,  and  the  current 
at  the  moment  of  its  passage  influences  the  position  of  these 
pendulums  relatively  to  the  fixed  magnets.  If  the  pendulum  ap- 
proach the  extremity  of  its  arc  of  vibration  a  little  behind  time, 
it  is  accelerated,  if  a  little  before  time  it  is  retarded.  The  current 
sent  by  the  regulating  clock  may  vary  in  strength  within  very 
wide  limits,  but  only  a  feeble  current  is  absolutely  necessary,  since 
the  amount  of  correction  required  at  each  beat  is  in  every  case 
very  small  indeed.  The  current  acts  solely  as  a  corrector  of  errors, 
and  should  any  of  the  above-mentioned  accidents  occur  to  inter- 
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tapt  it,  the  controlled  clocks  will  not  stop,  but  will  simply  keep 
their  own  time  independently  until  the  current  is  again  passed. 

Thus  this  method  eifects  aU  that  can  be  done  by  the  most  per<> 
feet  and  delicate  systems  of  electric  experiments,  and  at  the  same 
time  entirely  avoids  the  risk  of  failure  inseparable  from  even  the 
best  of  these  plans.  Moreover,  it  requires  no  accuracy  of  construc- 
tion, and  might  be  applied  to  almost  any  form  of  clock. 

Bregwi^s  Electric  Clock, — ^Instead  of  correcting  all  the  secondary 
or  controlled  clocks  once  a  second,  or  onc^  at  every  beat  of  the 
pendulum,  M.  Breguet  corrects  them  only  once  or  twice  every 
twelve  hours,  by  bringing  the  minute-hand  exactly  to  the  hour 
point.  This  is  done  in  the  simplest  manner,  by  a  little  train  of 
wheels  driven  from  a  barrel^^pring,  and  set  free  by  an  electro- 
magnetic detent  at  the  moment  of'  correction ;  two  small  cams, 
one  on  each  side  of  a  projection  connected  with  the  minute-hand^ 
are  turned  once  round  by  this  train  of  wheels ;  if  the  minute-hand 
be  behind  its  time,  one  of  these  cams  moves  it  on ;  if  it  be  before 
its  time,  the  other  cam  moves  it  back.  This  method  is  simple 
and  effective  where  no  extreme  accuracy  is  required  between  the 
long  intervals  of  correction.  It,  moreover,  avoids  the  difficulty  of 
making  good  contacts  from  the  pendulum  of  the  standard  clock 
without  some  injury  to  its  time-keeping  qualities,  a  danger  which 
Jones's  method  does  not  provide  for. 

Shepherd^ 8  Electro-Magnetic  Clock. — ^In  this  apparatus,  which  was 
a  prominent  object  in  the  International  Exhibition  of  1S51,  and 
which  has  been  exclusively  used  in  public  and  private  establish*- 
ments,  the  pendulum  is  so  arranged  as  to  make  and  break  an  electric 
circuit,  and,  consequently,  to  make  and  unmake  a  horseshoe  magnet 
at  each  vibration.  Each  time  that  a  magnet  is  made,  it  attracts 
an  armature  which  lifts  certain  levers;  one  of  these  raises  a 
weighted  lever,  and  causes  it  to  be  held  up  by  a  detent  or  latch ; 
the  magnet  is  then  unmade  in  consequence  of  the  pendulum  break-^ 
ing  the  circuit,  and  the  armature  is  released,  when  the  pendulum 
lifts  the  latch  and  allows  the  weighted  lever  to  fall,  which,  in 
falling,  strikes  the  pendulum  so  as  to  give  it  an  adequate  impulse; 
then  the  circuit  is  again  completed,  the  armature  attracted,  the 
levers  moved,  and  the  weight  raised  and  held  up  by  a  detent; 
another  vibration  breaks  the  circuit  and  raises  the  armature,  the 
pendulum  then  raises  the  detent,  the  weight  falls,  and  in  falling, 
its  arm  strikes  the  pendulum  and  gives  it  an  impulse,  and  so  on. 

But  the  pendulum  at  each  vibration  not  only  makes  and  breaks 
the  electric  circuit  of  the  battery,  which  maintains  its  own  action, 
but  also,  and  simultaneously,  that  of  a  secoivi  battery,  the  duty  of 
which  14  to  make  and  unmake  the  electro-magnets  belonging  ex- 
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clusiTely  to  the  clock  or  clocks  whicli  are  upon  this  circuit.  These 
electro-magnets  act  upon  the  extremes  of  one  or  more  horizontal 
bar-magnets,  so  as  alternately  to  attract  and  repel  their  opposed 
poles;  on  the  axis  of  these  bap-magnets  are  the  pallets  by  the 
alternating  motions  of  which  to  the  right  and  left  the  ratchet- 
wheel  IB  propelled  onwards  at  the  rate  of  a  tooth  each  second  4 
and  the  axis  of  the  ratchet-wheel  canies  the  pinion  which  moves 
the  other  wheels  of  the  clock. 

The  circuit  of  the  battery  connected  with  the  striking  part  of 
the  clock  is  only  completed  once  in  an  hour,  and  is  connected  with 
an  electro-magnet  so  arranged,  as  by  means  of  a  proper  lever,  to 
pull  the  ratchet-wheel  attached  to  the  notched  striking-wheel  one 
tooth  forward  every  two  seconds,  and  each  tooth  is  accompanied 
by  a  blow  on  the  electro-magnetic  bell.  The  number  of  blows 
depends  upon  the  notched  wheel,  the  spaces  on  the  circumference 
of  which  are  adapted  to  the  number  to  be  struck,  and  when  this  is 
complete  a  lever  falls  into  the  notch,  and  so  doing,  cuts  off  the 
electric  current,  which  is  not  re-established  through  the  striking 
electro-magnet  till  the  next  hour,  when  a  peg  upon  the  hour-wheel 
pushes  the  striking  lever  forward  so  as  cause  it  to  be  depressed  by 
a  similar  peg  upon  the  minute-wheel. 

There  were  many  examples  of  electric  clocks  in  the  Intemational 
Exhibition  of  1862.  One  by  J.  H.  Koosen  (Saxony),  was  remark- 
able as  not  being  driven  or  controlled  from  a  standard  or  primary 
clock,  but  is  entirely  independent,  and  keeps  time  without  the  aid 
^f  a  pendulum.  It  consists  of  an  electromotor  of  simple  form, 
and  a  regulator.  The  speed  is  regulated  by  a  centrifugal  governor 
80  arranged  as  to  interrupt  the  electric  circuit  in  the  electromotor 
whenever  the  required  speed  is  exceeded.  The  centrifugal  gover- 
nor is  so  disposed  as  to  be  extremely  sensitive  to  small  variations 
of  speed.  The  force  of  a  spring  is  made  use  of  instead  of  the  force 
of  gravitation,  to  restrain  the  centrifugal  force  of  the  governor  balls, 
and  this  spring  is  so  adjusted  with  reference  to  the  rotating  mass, 
that  the  slightest  excess  of  speed  above  that  required,  causes  a 
great  deviation  from  the  axis.  It  will  be  easily  seen  that  with  a 
sufficiently  powerful  current  the  wheelwork  will  be  driven  at  a 
sensibly  uniform  speed,  for  the  current  will  be  continually  inter- 
rupted by  the  governor,  and  only  admitted  into  the  coils  of  the 
driving  electro-magnets  for  just  such  a  fraction  of  each  minute  as 
will  keep  the  governor  on  the  point  of  breaking  contact.  This 
system  is  open  to  the  objection  that  the  contact  points  must  be 
liable  to  oxidation  by  the  strong  sparks  which  must  continually 
pass,  as  in  a  relay. 

JFine  examples  of  the  old  form  of  clock,  in  which  the  escapey^ 
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ment  is  worked  by  currents  received  at  regular  intervals  from  a 
standard  clock,  were  exhibited  by  the  Universal  Private  Telegraph 
Company,  and  by  W.  T.  Henley. 

An  ingenious  apparatus  for  maintaining  a  nearly  constant  cur- 
rent by  which  electric  clocks  may  be  worked  with  greater  certainty 
and  economy  than  with  variable  currents,  has  been  invented  by 
Hipp.  The  mechanism  consists  of  two  electro-magnets,  the  arma- 
ture of  one  of  which  works  the  pointers  of  the  clock,  while  that  of 
the  other  is  used  to  increase  or  diminish  the  resistance  of  the  bat- 
tery circuit  when  any  variation  occurs  in  the  strength  of  the  cur- 
rent.   This  is  done  as  follows : — 

A  standard  clock  makes  and  breaks  contact  at  regular  intervals  in  a  dr* 
cait  containing  the  battery  and  two  electro-magnets,  one  of  whicli  works  the 
propelment  of  the  secondary  clock.  The  armature  of  the  second  has  two 
springs  attached  to  it  pulling  it  away  from  the  magnet  Then  two  springs 
are  so  arranged  that  if  the  current  passing  is  weaker  than  it  should  be,  the 
armature  will  not  move  either  of  the  springs ;  if  the  current  be  exactly  that 
required,  the  attraction  of  the  armature  will  overcome  one  of  the  springs  and 
the  armature  will  be  attracted  to  a  half-way  position.  If  the  current  be  too 
strong  the  armature  will  be  attracted  close  to  the  magnet,  overcoming  the 
two  springs.  Now  the  gearing  is  so  arranged  that  an  index  will  be  moved 
round  by  the  wheelwork,  propelled  by  the  first  electro-magnet  when  the 
armature  of  the  second  is  in  its  furthest  position,  but  will  be  left  at  rest 
when  the  armature  is  in  its  second  position,  and  will  be  moved  backwards 
when  that  armature  is  in  its  third  position.  The  index,  in  its  motion,  turns 
resistances  in  or  out  of  circuit,  according  the  direction  of  its  motion,  until 
the  current  is  reduced  or  increased  to  its  proper  strength. 

(245)  Cbronoscopes. — ^These  are  instruments  which  are  used 
for  the  measurement  of  very  short  intervals  of  time  ,*  they  are  em- 
ployed principally  for  determining  the  velocity  of  projectiles,  and 
are  constructed  in  accordance  with  the  following  principles  {Jurors^ 
MepoH) : — 

Two  screens,  made  each  of  a  continuous  wire  led  backwards  and 
forwards  across  a  frame,  are  placed  in  the  path  of  the  ball  at  a  known 
distance  apart.  The  wire  of  each  screen  forms  part  of  complete 
circuits  communicating  with  the  instrument.  When  the  wires 
are  successively  broken  by  the  projectile,  the  successive  interrup- 
tions of  the  two  currents  are  registered  by  electrical  means  on 
some  apparatus,  part  of  which  moves  with  a  known  velocity.  This 
plan  of  determining  the  velocity  of  a  ball  is  due  to  Professor 
Wheatstone. 

It  is  not  necessary  that  the  two  circuits  should  be  distinct 
throughout  their  whole  length ;  the  rupture  of  the  circuit  con- 
taining the  first  screen  by  the  very  cessation  of  the  current  through 
it  is  easily  made  by  electro-magnetic  apparatus  to  establish  a 
current  tlurough  a  circuit  containing  both  the  second  screen  and 
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part  of  the  first  circuit.  By  these  very  simple  contrivance,  the 
ball,  as  it  successively  breaks  two  circuits,  sends,  as  it  were,  two 
signals  by  stopping  two  currents  at  the  very  instant  that  it  passes 
through  two  points  of  the  trajectory,  but  it  is  by  no  means  equally 
easy  to  register  the  instants  at  which  these  signals  are  sent  The 
time  elapsing  between  them  must  be  measured  by  reference  to 
some  continuous  movement,  of  which  the  speed  is  accurately 
known,  and  it  is  very  difficult  to  produce  such  a  movement. 
Clockwork  governed  by  an  escapement  can  only  give  a  step-by* 
step  or  intermittent  motion ;  and  no  frictional  governor  hitherto 
used  can  be  depended  on  to  produce  perfect  regularity.  A  second 
difficulty  arises  from  the  fact  that  no  electro-magnetic  effect  is 
absolutely  instantaneous,  and  that  especially  the  effect  on  soft-iron 
cores,  such  as  are  frequently  used  in  recording  apparatus,  are 
extremely  uncertain  or  variable,  so  that  an  electro-magnet  cannot 
be  depended  upon  to  release  or  attract  an  armature  at  constant 
intervals  after  a  given  current  is  stopped.  No  doubt  if  every 
circumstance  attending  every  experiment  could  be  maintained 
rigorously  the  same,  the  electro-magnet  would  act  constantly  in 
one  way,  but  in  practice  this  cannot  be  effected. 

A  chronoscope,  known  as  Navez's  pendulum,  which  is  extensively 
used  both  abroad  and  in  this  country,  was  shown  at  the  Inter- 
national Exhibition  of  1862  by  J.  Jaspar  (Liege),  and  is  thus 
described  in  the  Jurors^  Report : — 

The  apparatas  consists  of  three  distinct  parts,  t.  The  pendnlam,  with 
its  immediate  accessories.  2.  An  apparatas  for  makiof;  a  contact  at  a  given 
time,  after  a  certain  circuit  has  been  broken.  3.  An  apparatus  for  breaking^ 
two  circuits  simultaneously.  These  two  last  parts  may  simplj'  be  called  the 
contact  maker  and  the  contact  breaker. 

The  pendulum  is  fitted  with  two  electro-magnets;  one  used  to  hold  it  at 
one  extremity  of  its  oscillation  by  attracting  a  little  piece  of  soft-iron  let 
into  the  bob ;  the  other  to  stop  a  very  light  aluminum  index  centred  on  the 
axis  of  the  pendulum,  and  carried  round  with  it  by  the  light  friction  of  a 
spring,  until  a  current  passes  round  this  second  electro-magnet,  which  then 
stops  the  index  by  attracting  an  iron  collar  fitted  to  its  hollow  axis,  but 
allows  the  pendulum  to  continue  its  oscillations  freely.  A  vernier  on  the 
end  of  the  index  allows  the  exact  arc  described  in  passing  from  the  first  to 
the  second  position  of  rest  to  be  accurately  read  on  a  fixed  graduated  limb. 
Thus  the  interruption  of  the  current  through  one  circuit  starts  the  pendulum 
and  index  simultaneously,  and  the  establishment  of  a  current  in  a  second 
circuit  stops  the  index,  showing  the  arc  traversed  in  the  interval.  It  will 
readily  be  understood  that  the  velocity  of  the  pendulum  in  falling  through 
various  arcs  can  be  determined  by  direct  experiment. 

The  speed  of  the  projectile  in  this  as  in  other  chronoscopes  is  measured  by 
the  time  elapsing  between  the  successive  fractures  of  two  wires;  but  in  the 
present  case  the  measurement  is  indirect.  The  nearest  wire-screen  forms 
part  of  a  circuit  which  includes  the  electro-magnet  used  to  restrain  the 
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pendulani ;  but  the  farther  wire-screen  is  not  directly  connected  with  either 
of  the  pendalum  electro-magnets,  but  it  is  connected  with  the  electro* 
magnet  of  the  contact-breaker.  This  electro-magnet  carries  an  armature, 
which  drops  off  when  the  circuit  is  broken,  and  falls  on  to  a  spring  furnished 
with  a  contact'point,  adjusted  close  to  some  mercury  in  a  little  cup. 
The  fall  of  the  armature  makes  contact  between  the  mercury  and  the  spring, 
and  by  so  doing  completes  a  circuit  through  the  second  electro- magnet  of  the 
pendalum,  and  stops  the  index.  Thus,  when  a  ball  passes  through  the  two 
wire-screens  in  succession,  it  first  breaks  the  first  circuit  and  starts  the 
pendulum;  it  next  breaks  the  second  circuit,  and  lets  fall  an  armature. 
Which  completes  a  third  circuit  and  stops  the  index.  The  arc  can  then  be 
measured,  which  corresponds  to  the  time  elapsing  between  the  moment 
when  the  pendulum  started  and  that  when  the  index  stopped.  But  this 
period  of  time  depends  on  many  elements :  i.  The  time  required  by  the  first 
electro -magnet  to  lose  its  magnetism.  2.  The  time  required  by  the  electro- 
magnet of  the  contact-breaker  to  lose  its  magnetism.  3.  The  time  occupied 
by  the  fall  of  the  armature.  4.  The  time  required  by  the  second  pendulum 
electro-magnet  to  acquire  sufficient  force  to  stop  the  index.  And  5.  The 
time  of  flight  between  the  two  screens.  The  contact-breaker  is  used  to 
eliminate,  by  a  separate  observation,  the  first  four  of  these  elements,  leaving 
the  fifth,  which  is  alone  required.  This  is  simply  and  easily  effected  by 
establishing  all  the  circuits  as  before,  and  breaking  the  two  wire-screen 
circuits  simultaneously.  All  the  events  will  occur  in  the  same  sequence^  as 
before,  except  the  rupture  of  the  two  circuits ;  and  as  all  the  other  circum- 
stances remain  similar,  they  will  occupy  in  the  aggregate  exactly  the  same 
time  as  they  must  have  done  in  the  previojis  experiment,  and  the  index  will 
be  arrested  after  it  has  traversed  an  arc  b  measuring  their  duration ;  if  then 
A  be  the  arc  traversed  in  the  former  experiment,  the  difference  a  •—  b  will 
measure  the  time  of  flight  between  the  screens  in  the  first  observation. 
This  measurement  is  required  to  be  reduced  into  seconds  by  Calculations  of 
an  obvious  character. 

The  great  merit  of  this  clironoscope  has  been  proved  by  its 
extensive  use;  but  as  the  reporter  (F.  Jenkin)  observes^  it  is 
difficult  to  believe  that  it  can  give  thoroughly  accurate  results. 
The  calculation  of  the  time  occupied  by  the  bob  in  traversing  each 
part  of  the  limb  takes  no  account  of  the  friction  or  the  resistance 
of  the  air.  It  is  difficult  to  observe  accurately  the  elements 
required  to  calculate  this  period  of  oscillation.  Electro-magnets 
are  seldom  in  the  same  condition  even  during  two  successive 
experiments ;  and  no  less  than  ^Aree  electro-magnets  are  required  in 
this  apparatus.  There  is  always  some  risk  that  the  contact- 
breaker  may  not  break  the  two  circuits  at  exactly  the  same 
moment.  The  friction  employed  to  carry  round  the  index  may  be 
too  small,  and  the  index  will  then  lag  behind  the  pendulum  at 
starting ;  or  the  friction  may  be  too  great,  and  drag  the  soft-iron 
collar  or  the  index  past  the  electro-magnet  some  uncertain  time 
after  its  circuit  is  completed.  Nevertheless,  this  instrument  is 
in  great  repute,  probably  owing  to  the  simple  plan  of  referring  the 
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Telocity  of  the  projectile  directly  to  the  velocity  of  a  pendnlom ; 
but  it  certainly,  obserres  Mr.  Jenkin,  seems  probable  that  the 
apparatus  would  be  much  improved  by  dispensing  with  all  the 
electro-magnets,  contact  makers  and  breakers,  with  the  substitution 
of  a  direct  observation,  recorded  by  an  induction  spark  or  a  galvano^ 
meter  needle. 

A  chronoscope  which  registers,  by  means  of  an  induction  spark, 
produced  in  a  secondary  circuit  by  the  rupture  of  the  primary, 
was  exhibited  at  the  International  Exhibition  of  1862  by  M. 
Harday  (Paris) : — 

It  consists  of :  I.  A  fixed  brass  cylinder,  one  metre  in  circumference,  ronnd 
which  a  band  of  prepared  paper  can  he  firmly  stretched.  2.  An  axial  arm 
of  steel,  bearing  a  platinum  point  which  revolves,  describing  a  circle  con- 
centric with  and  close  to  the  cylindrical  surface  of  the  paper.  This  arm  ia 
driven  by  clockwork.  3.  A  pendulum  revolving  round  a  prolongation  of  the 
axis  of  the  cylinder,  and  driven  by  the  axial  arm,  which  presses  against  the 
lower  end  of  the  rod.  This  pendulum  is  intended  to  produce  uniformity  in 
the  movement  of  the  clockwork.  4.  An  induction  coil  with  primary'  and 
secondary  circuits.  One  end  of  the  secondary  circuit  is  in  connection  with 
the  point  of  the  axial  arm,  and  the  other  with  the  large  brass  cylinder  on 
which  the  paper  is  stretched.  The  primary  circuit  is  connected  with  a 
screen,  used  aa  a  tai^et,  and  a  current  is  allowed  to  circulate  through  it. 
The  rapture  of  the  screen,  by  interrupting  the  primary  current,  determines  a 
spark  in  the  secondary  wire,  registering  the  instant  of  the  interruption  by 
bnrning  a  small  hole  in  the  paper.  By  the  armatures  of  a  series  of  electro- 
magnets, the  primary  circuits  can  be  reestablished  through  a  succession  of 
wires  and  screens,  giving  a  series  of  observations.  Each  interruption  of  the 
primary  circuit  is  said  to  last  about  one  two-hundredth  Of  a  second. 

This  instrument,  which  is  described  in  greater  detail  in  the 
JwroT^  Reporty  is  said  to  exhibit  admirable  workmanship,  and  to 
be  suitable  to  a  very  large  number  of  researches,  in  which  the 
accurate  measurement  of  small  intervals  of  time  is  required. 

(246)  duronoffraplia* — Instruments  to  which  this  name  has 
been  given  are  constructed  for  the  purpose  of  recording  the  time 
at  which  a  certain  phenomenon  occurs  by  means  of  electricity. 
The  following  description  of  an  excellent  apparatus  exhibited  at 
the  International  Exhibition  of  1862  by  M.  Krille  (Denmark)  is 
taken  from  the  Jurors^  Report : — 

A  cylinder,  covered  with  blackened  paper,  driven  by  clockwork,  and 
regulated  by  a  conical  pendulum,  revolves  at  a  sensibly  uniform  speed.  Two 
diamond  points  on  the  end  of  two  levers  are  pressed  against  the  cylinder  as 
it  revolves,  and  mark  two  fine  white  lines  on  the  blackened  surface.  These 
levers  are  carried  on  a  sort  of  car,  to  which  a  slow  motion  of  translation  is 
given  parallel  to  the  axis  of  the  cylinder,  so  that  the  lines  marked  are 
helical  and  continuous.  The  levers  are,  -moreover,  connected  with  the 
armatures  of  two  separate  electro- magnets,  also  carried  on  the  car.  These 
armatures  by  their  motion  can  produce  a  slight  independent  movement  of 
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translation  on  the  diamond  points  along  the  surface  of  the  cylinder.  One  of 
these  electro-magnets  is  worked  by  contacts  from  a  standard  clock,  so 
contrived  as  to  produce  a  broken  line  equally  divided,  thus,  ""L-rU"". 
The  instant  of  the  change  of  contact  is  thus  singularly  well  and  sharply 
defined.  The  second  electro-jnagnet  is  worked  by  the  observer  with  a  key, 
and  produces  a  little  nipple,  fixing  the  instant  of  observation  by  its  position 
on  the  cylinder  relatively  to  the  broken  or  'second'  line.  So  far  the 
arrangements,  although  extremely  good,  can  hardly  be  called  novel  The 
manner  of  observing  the  contacts  from  the  standard  pendulum  is  not  only 
excellent  but  quite  novel.  Two  short  vertical  glass  tubes,  placed  side  by 
side,  have  each  near  their  lower  end  a  small  horizontal  branch,  the  two  open 
ends  of  which  are  placed  in  very  close  proximity  opposite  each  other.  The 
two  larger  tubes  are  partly  filled  with  mercury,  which  flows  through  the 
two  horizontal  branches,  until  the  two  streams  join  in  the  open  space  between 
them.  This  space  is,  however,  so  small,  that  capillary  attraction  prevents 
the  mercury  ftom  falling  down,  so  that  it  is  entirely  retained  inside  the 
tubes,  with  the  exception  of  this  one  short,  exposed,  and  apparently  un- 
supported drop  hanging  between  the  two  branches.  A  very  thin  sheet  of 
mica  is  carried  by  an  arm  on  the  pendulum,  so  placed,  that  at  each  beat  the 
mica-sheet  descends  between  the  ends  of  the  two  little  branch  tubes  separating 
the  mercury  in  the  two  reservoirs,  and  breaking  all  electrical  communica- 
tions between  them.  At  the  return  of  the  pendulum,  the  mica-sheet  is 
withdrawn,  and  the  mercury  at  the  two  sides  joins  as  before,  making  an 
electrical  connection.  The  action  of  this  admirable  make  and  break  arrange- 
ment seems  all  that  could  be  desired ;  the  mercury  is  not  spilt,  as  might  be 
expected,  and  the  contact  appears  to  be  made  with  perfect  certainty  and 
regularity.  The  friction  must  be  almost  nothing ;  and  if,  as  appears  probable, 
the  oxide  formed  by  each  spark  is  removed  by  the  mica- plate  in  its  descent* 
this  plan  might  be  very  advantageously  applied  to  all  electric  docks  and 
galvanometer  relays.  # 

An  electrical  chronograph  for  astronomical  purposes,  as  for 
registering  the  passage  of  a  star,  was  likewise  exhibited  (the 
Telegraphen  Werkstatte  of  Berne).  On  this  instrument  a  strip  of 
paper  is  moved  along  by  clockwork,  driven  by  a  weight  and 
governed  by  a  fly.  The  latter  is  so  arranged  that  on  any  slight 
increase  of  speed  the  axis  of  the  fly  is  pressed  against  a  steel  spring, 
increasing  the  friction  and  acting  as  a  break.  The  strip  of  paper 
is  permanently  pressed  against  two  little  revolving  discs,  placed 
side  by  side,  and  receiving  ink  from  felt  rollers.  These  two  discs, 
when  not  interfered  with,  produce  two  straight  parallel  lines  side 
by  side  on  the  paper.  Two  electro-magnets,  with  two  distinct 
circuits,  are  used  with  armatures,  so  connected  with  the  supports  of 
the  two  reivolving  discs,  that  a  momentary  current  sent  round 
either  magnet  moves  the  corresponding  disc  a  little  way  across  the 
paper,  making  a  little  nipple  on  one  of  the  black  lines.  The 
pendulum  of  a  clock  closes  the  circuit  of  one  of  the  electro-magnets 
once  every  second,  and  nipples  are  consequently  produced  on  one 
line,  separated  by  lines  representing  seconds  of  time.    The  circuit 
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tkroagli  the  other  electro-magnet  is  completed  at  any  required 
moment  by  the  observer,  with  the  aid  of  a  common  contact  key. 
The  nipples  so  produced  on  this  line,  by  comparison  with  those  on 
the  first,  fix  the  time  of  each  observation  recorded.  The  ^  second' 
nipples  are  about  ten  millimetres  apart,  and  intervals  of  time  of 
less  than  one-tenth  of  a  second  can  therefore  be  accurately  shown 
by  the  instrument. 

(247)  aieetrie  Thermometeni. — An  instrument  which  may 
be  used  for  determining  the  temperature  at  different  depths  in  the 
sea,  and  for  other  similar  purposes,  was  shown  at  the  International 
Exhibition  of  1862  by  Siemens,  Halske,  and  Co.  It  is  called  an 
electric-resistance  thermometer,  the  change  of  resistance  which 
metals  undergo  with  a  change  of  temperature^  being  made  use  of 
to  indicate  the  temperature  of  the  metal : — 

Two  perfectly  similar  coils  of  insulated  wire  are  inclosed  in  two  hennetically- 
sealed  copper  cases.  One  is  placed  on  the  spot  of  which  the  temperature  is 
required  and  the  other  in  a  bath  of  water.  The  temperature  of  the  bath  is 
altered  until  the  resistance  of  the  two  coils  is  exactly  equal,  an  equality 
which  can  readily  be  tested  by  a  resistance  galvanometer.  The  temperature 
of  the  bath  will  then  clearly  be  equnl  to  that  of  the  spot  where  the  first 
resistance  coil  is  placed.  The  connections  are  made  with  very  thick  copper 
wire,  so  that  their  resistance  shall  have  little  or  no  influence  on  the  result. 
The  wires  are  coiled  on  an  open  copper  cylinder  of  considerable  diameter 
and  length,  so  as  to  expose  a  large  surface  to  the  air  or  water  in  which  they 
are  placed.  They  in  consequence  take  the  temperature  of  the  surrounding 
medium  with  great  rapidity. 
# 
An  electric  self-registering  thermometer,  which  is  an  applica- 
tion of  Breguet*s  metallic  thermometer,  was  also  exhibited  by  the 
Telegraphen  Werkstatte  of  Berne  (Switzerland).  In  this  instru- 
ment the  registering-paper  is  marked  by  the  steel  point  of  an  index, 
carried  by  the  outer  end  of  a  spiral  formed  of  two  metal  strips 
(brass  and  steel)  soldered  together,  the  inner  end  of  the  spiral  being 
fastened  to  a  brass  standard.  The  paper,  a  wide  strip  about  140 
yards  in  length,  is  unrolled  and  passed  under  the  steel  point  by 
two  brass  rollers,  one  of  which  is  connected  with  a  ratchet-wheeL 
The  paper  is  marked  by  an  electro-magnet  and  armature ;  a  mo- 
mentary voltaic  current  is  sent  round  the  magnet  at  fixed  intervals 
by  a  clock  with  suitable  contacts.  A  lever  fixed  to  the  armature 
strikes  down  the  end  of  the  index  at  the  moment  when  the  current 
passes,  and  so  prints  a  dot  on  the  paper ;  when  the  current  ceases, 
a  paul  fixed  to  the  armature  moves  the  ratchet-wheel  one  tooth 
forward,  carrying  the  paper  along  with  it.  Two  millimetres  on 
the  paper  are  equivalent  to  one  degree  centigrade.  A  little  fixed 
"f^heel  impressed  a  straight  line  in  the  centre  of  the  strip  of  paper/ 
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from  whicli  the  deviations  of  the  curres  formed  by  the  dots  can  be 
measured. 

(248)  Bemmiiif*s  Bleetiie  TmitgeU — The  target  is  divided 
into  any  number  of  sections  required,  and  behind  each  section  a 
little  ball  or  hammer  is  hung,  touching  the  plate,  or  a  bolt  rigidly 
connected  with  it.  The  plates  forming  each  section  are  separately 
supported,  so  that  when  one  is  struck  or  shaken  the  others  do  not 
move.  When  any  plate  is  struck,  its  ball  or  hammer  flies  back 
under  the  influence  of  the  vibration,  and  for  a  short  time  com* 
pletes  a  circuit  which  includes  a  wire  leading  to  the  iiring  station^ 
a  battery  and  an  indicator  or  receiving  instrument  of  some  kind. 
Each  plate  has  a  separate  conducting  wire  and  indicating  needle. 
The  conducting  wires  are  generally  small  copper  wii*es  insulated 
with  india-rubber  or  gutta-percha,  and  twisted  into  some  form  of 
cable.  These  targets  have  been  practically  tested,  and  are  foimd 
to  answer. 

(249)  The  Bleotiio  &or- — In  this  instrument,  exhibited  by 
Siemens,  Halske,  and  Co.,  electricity  is  used  to  convey  a  signal  to 
a  step-by-step  propelment  or  escapement  inside  the  ship,  from  an 
ordinary  Massey's  patent  log,  at  say  every  himdred  turns  of  the 
vane,  or  at  any  other  given  fraction  of  a  knot.  An  insulated  wire 
is  led  from  the  ship  to  a  train  of  wheelwork  contained  in  an  air* 
tight  case,  and  driven  by  the  vane  of  the  log.  This  wheelwork 
makes  the  contact  required  at  regular  intervals,  and  these  are 
marked  by  the  index  of  the  step-by-step  instrument  on  board  the 
ship.  Tbe  log,  therefore,  need  never  be  drawn  in  to  be  consulted, 
and  the  captain  can  at  any  time  observe  the  speed  of  the  ship. 

(250)  aieetrio  Break  for  Bailway  Trains. — ^In  this  mstru* 
ment,  which  is  the  invention  of  M.  Achard  (Paris),  the  electric 
current  is  not  directly  employed  to  produce  tbe  friction  or  retard* 
ing  force,  but  the  required  power  is  obtained  from  the  momentum  of 
the  train  itself  by  letting  a  cam  on  one  of  the  axles  of  each  carriage 
work  a  paul,  which  turns  a  second  shaft  round  by  means  of  a  rat- 
chet-wheel upon  it.  This  second  shaft,  by  winding  up  a  chain, 
pulls  the  friction  blocks  against  the  rim  of  the  carriage-wheels  until, 
by  the  stoppage  of  the  axle,  further  action  is  prevented.  Electri* 
city  only  comes  into  play  in  so  far  as  it  is  used  first  to  determine 
the  moment  at  which  the  paul  shall  begin  to  act;  and  secondly, to 
release  the  chain  and  so  take  off  the  break  at  the  moment  required. 
The  first  object  is  very  simply  attained.  The  paul  is  on  one  end 
of  a  lever,  rocking  freely  on  the  ratchet-shaft.  A  prolongation  of 
the  other  end  of  this  lever  is  pressed  by  a  spring  against  the  cam 
on  the  axle.  When  the  axle  revolves,  this  spring  keeps  the  lever 
{Lgainst  the  ex-ceotric  surface  of  the  cam,  and  so  rocks  the  levev 
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and  works  the  ratchet  by  the  paul ;  a  soft  iron  armature  is  attached 
to  the  other  end  of  the  lever,  which,  as  the  lever  rocks,  slides 
backwards  and  forwards  over  the  pole  of  an  electro-magnet.  The 
cam  always  pushes  this  slide  back  to  its  furthest  limit  in  spite  of 
any  attraction  of  the  magnet,  even  when  a  current  is  circulating 
round  the  coils;  but  when  the  cam  recedes,  the  spring  is  not 
strong  enough,  while  the  current  circulates,  to  pull  the  slide  for- 
ward again,  and  it  consequently  remains  motionless  at  the  furthest 
point,  so  that  the  paul  is  no  longer  moved.  A  current  passing 
round  the  electro-magnet  th  lis  prevents  the  break  from  being  applied, 
or  stops  its  further  application;  but  the  moment  the  current  is 
interrupted,  the  spring  works  one  end  of  the  lever,  pulling  the  slide 
forwards.  The  paul  takes  up  successive  teeth  of  the  ratchet,  and 
the  break  is  applied  with  more  and  more  force  until  the  wheel  is 
stopped. 

The  break  is  released  by  means  of  a  second  system  of  electro- 
magnets. The  ratchet-wheel  is  not  rigidly  fixed  to  the  shaft  on 
which  the  break-chain  is  wound,  but  connected  with  it  by  what 
may  be  called  an  electro-magnetic  friction  clutch.  The  flat  poles  of 
a  number  of  electro-magnets  fixed  to  and  round  the  shaft  come 
against  the  flat  faces  of  a  disc  of  iron  attached  to  the  ratchet-wheel. 
When  a  current  is  established  round  these  electro-magnets,  the  disc 
adheres  very  tightly  to  them,  and  this  is  the  case  when  the  ratchet 
is  used  to  put  on  the  break,  but  the  moment  the  current  is  inter- 
rupted in  this  second  circuit,  there  is  no  force  to  hold  up  the 
break-blocks,  which  fall  back  from  the  wheels  by  their  own  weight, 
turning  the  shaft  round,  and  unwinding  the  chain.  Thus  there 
are  two  circuits  which  may  be  called  the  paul  circuit  and  the 
clutch  circuit.  Nominally  the  current  is  established  through  both : 
if  the  first  be  interrupted,  the  break  is  put  on  either  slightly,  if 
the  interruption  last  but  a  little  while,  or  so  strongly  as  to  stop 
the  wheel  if  the  interruption  continues,  a  short  interruption  in  the 
second  circuit  again  takes  off  the  break.  The  same  circuits  may 
be  employed  for  all  the  carriages,  or  the  trains  might  be  divided 
into  short  sections,  each  with  a  separate  pair  of  circuits.  The 
wires  of  the  paul  circuit  might  be  so  placed,  that  passengers,  in 
case  of  great  danger,  might  cut  them,  and  so  apply  the  breads. 

This  invention  has  been  tested  in  France,  and  favourably  reported 
on  by  the  government  engineer.  It  is  probably  open  to  as  few  ob- 
jections as  could  be  urged  against  any  electric  system  used  for  the 
same  purpose.  Any  accidental  interruption  in  the  paul  circuit 
would  be  at  once  apparent,  for  the  breaks  would  all  be  put  on ; 
but,  on  the  other  hand,  an  accident  might  occur  to  the  second 
circuit  without  any  obvious  eflect  until  the  breaks  were  required. 
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It  is  to  be  feared,  however,  as  the  Jury  Reporter  (Mr.  Fleeming 
Jenkin)  remarks,  that  the  trouble  of  making  the  connections  re- 
quired when  the  train  is  made  up,  or  subdivided,  with  the  delays 
which  would  ensue  in  consequence  of  any  mistake  or  accidental 
failure  in  the  circuit,  will  prevent  the  adoption  of  any  electrical 
arrangement  in  connection  with  any  part  of  railway  mechanism  of 
such  vital  importance  as  the  break. 

(251)  Tbe  Bleotrio  Self-aotin§r  Boiler  Feed. — This  is  also 
the  invention  of  M.  Achard,  and  was  shown  by  him  at  the  Inter- 
national Exhibition  of  1862.  A  voltaic  current  is  employed  simply 
to  stop  or  hold  an  armature.  When  the  armature  is  loose,  one  of 
two  pauls,  constantly  worked  from  the  engine,  turns  a  segmental 
ratchet,  opening  the  feed-cock  ,•  but  when  the  armature  is  held  by 
the  passing  of  a  current  through  an  electro-magnet,  one  paulis  thrown 
out  of  gear,  and  the  second  paul  into  gear,  working  a  second  seg- 
mental ratchet  which  shuts  the  cock.  When  the  cock  is  either  fully 
open  or  fully  shut,  the  paul  in  gear  works  in  a  blank  space.  The 
connections  are  made  or  broken  by  a  float,  mechanically  connected 
with  a  commutator  outside  the  boiler ;  if  the  circuit  fail  at  any 
point,  or  if  the  battery  become  too  weak,  the  worst  that  can  happen 
is,  that  the  armature  would  be  relieved  permanently,  so  that  the 
boiler  would  get  filled  with  water.  Moreover,  M.  Achard  uses  a 
second  armature,  worked  by  the  same  current,  to  ring  a  bell  when 
the  current  is  interrupted,  in  which  case  it  rises  and  falls  with  an 
oscillating  lever  driven  by  the  engine,  and  at  each  fall  causes  one 
beat  of  the  bell.  When  the  current  is  re-established,  this  arma- 
ture is  held  up  out  of  the  way  of  the  oscillating  lever,  and  the  bell 
stops  ringing.  This  current  is  interrupted  by  the  float  when  the 
boiler  is  too  full  or  too  empty.  The  bell,  in  either  case,  acts  as  an 
alarum,  and  it  also  draws  attention  to  any  accident,  in  consequence 
of  which,  the  connecting-wires  may  have  been  broken  or  the  bat- 
tery become  too  weak. 

This  electrical  apparatus  seems  as  certain  in  its  action  as  any 
mechanical  construction ;  indeed,  if  a  failure  can  possibly  occur  in 
any  part  Vithout  being  at  once  discovered,  it  would  be  in  the 
float,  which  might  possibly  stick  instead  of  following  the  surface 
of  tjjie  water.  This  apparatus  has  been  successfully  applied  in 
France. 

(252)  Bleotrio  Bydrostatimeter. — This  instrument,  designed 
to  show  the  level  of  water  in  a  cistern  by  an  index  placed  in  any 
required  position  at  a  distance  from  the  cistern,  is  the  invention 
of  MM.  Mouilleron  and  Vinay  (Jurors^  Report),  An  electric  cir- 
cuit is  made  and  broken  by  a  float  which  sends  positive  currents 
at  certain  invervals  as  it  rises,  and  negative  currents  at  the  same 
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intervals  while  falling.  The  positive  currents  move  the  index  of 
a  step-by-step  dial  instrument  in  one  direction,  and  the  negative 
currents  move  the  index  in  the  opposite  direction.  The  receiving 
apparatus  is  veiy  simple :  two  polarized  electro-magnets,  on 
Siemens's  system,  are  so  arranged  that  the  armature  of  one  works 
a  ratchet-wheel  in  one  direction,  while  the  armature  of  the  other 
works  a  similar  ratchet-wheel  on  the  same  axle  in  an  opposite 
direction ;  the  two  coils  are  hoth  on  one  circuit,  but  the  positive 
current  alone  moves  one  armature,  and  the  negative  current  the 
other ;  the  opposite  currents  simply  press  the  motionless  arma- 
tures harder  against  their  stops — a  position  in  which  their  pallets 
are  clear  of  the  ratchet-wheels.  The  ratchet  is  prevented  from 
turning  when  the  armature  pallets  are  clear  of  them,  by  a  little 
spring  Mction  pallet. 

Siemens'  ^polarized'  electro-magnets  above  alluded  to  are 
constructed  thus:  The  soft-iron  cores  of  two  straight  electro- 
magnets are  joined  by  a  back,  so  as  to  form  the  usual  horseshoe 
electro-magnet.  This  back  rests  against  one  pole  of  a  powerful 
permanent  steel  magnet,  which  communicates  its  own,  say  N. 
polarity,  to  both  branches  of  the  horseshoe.  A  tongue  of  soft 
iron  is  centred,  so  that  one  end  can  oscillate  between  the  ends  of 
these  two  branches ;  and  this  tongue  is  supported  by  the  opposite 
pole  of  the  permanent  steel  magnet,  which  is  bent  into  a  con- 
venient form  for  the  purpose.  This  tongue,  therefore,  partakes  of 
a  polarity  opposed  to  that  of  the  branches,  in  virtue  of  which, 
when  no  current  passes  round  the  electro-magnets,  it  rests  attracted 
indiflferently  to  whichever  of  the  two  branches  it  may  happen  to 
be  nearest.  The  effect  of  a  current  through  the  electro-magnetic 
coils  is  to  weaken  the  polarity  of  one  branch  and  to  strengthen 
that  of  the  other,  so  as  no  longer  to  allow  the  tongue  to  remain 
indifferently  in  juxta-position  with  either  branch,  but  definitely  to 
attract  it  to  one  side,  at  which  side  it  will  remain  imtil  a  cun^nt 
in  the  opposite  direction  round  the  coils  produces  an  effect  in  the 
branches  the  reverse  of  that  which  last  occurred. 

By  adjusting  the  relative  distances  between  the  two  branches 
and  the  tongue,  and  by  diminishing  the  play  of  this  tongue  to  a 
small  fraction  of  the  total  distance  which  separates  them,  very 
great  sensibility  can  be  obtained.  This  polarued  relay  is  largely 
used  for  direct  receiving  instruments. 

The  transmitting  part  of  the  hydrodatifneter  is  somewhat  com- 
plicated. As  long  as  the  float  continues  to  rise,  it  sends  at  definite 
intervals  of  say  three  inches  momentary  positive  currents ;  when 
nearly  stationary,  it  may  oscillate  up  and  down,  sometimes  two 
inches  lower,  and  sometimes  two  inches  higher  than  the  level  at 
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whicli  tlie  laat  current  was  sent,  without  sending  any  current :  it 
must  fall  or  rise  fully  three  inches  after  sending  a  given  current 
before  it  sends  any  fresh  current.  Moreover,  when  it  has  rismt 
three  inches  it  will  always  send  curi'ents  of  opposite  name  to  those 
sent  after  SkfaU  of  three  inches. 

(253)  Sleotiio  Sngrravlnp  BKacliine. — A  machine  for  engraving 
the  cylinders  of  copper  or  brass  employed  in  printing  woven  fabrics 
and  paper  hangings,  an  invention  of  French  origin,  was  exhibited 
by  H.  Garside,  Manchester.  The  voltaic  current  is  used  to  deter- 
mine, by  means  of  electro-magnets,  the  slight  simultaneous  advance 
or  withdrawal  of  any  number  of  engraving  diamond  points  from 
the  varnished  surface  of  the  copper  rollers  to  be  engraved,  according 
to  the  position  of  a  corresponding  metal  contact  point  on  the  non- 
conducting surface  of  a  prepared  pattern.  The  pattern  and  cylinder 
to  be  engraved  are  moved  mechanically  in  concert,  and  the  pro- 
portion of  their  relative  movements  can  be  varied  by  mechanical 
adjustment.  The  engraving  points  have  a  slight  vibrating  motion 
given  to  them,  which  scratches  off  the  varnish  whenever  brought 
into  contact  with  it,  and  produces  a  series  of  fine  zigzag  lines, 
which  facilitate  the  retention  of  the  pasty  colouring  matter  used. 
The  prepared  pattern  determines  the  moments  at  which  this  con- 
tact occurs;  and  the  concert  between  the  movements  of  the 
pattern  and  the  roller  produces  a  similar  agreement  between  the 
pattern  and  the  figures  engraved,  which  may  clearly  be  made 
larger  or  smaller  than  the  pattern  in  any  desired  proportion  and  in 
any  required  number.  The  copper  when  exposed  is  afterwards 
etched  by  an  acid  bath. 

(254)  Slectiic  Kooin. — This  extremely  ingenious  contrivance, 
in  which  the  usual  Jacquard  cards  are  replaced  by  an  electrical 
arrangement,  worked  by  a  pattern  prepared  in  tinfoil  with  insu- 
lating varnish,  is  the  invention  of  Cav.  G.  Bonelli,  Turin. 

A  simple  metal  plate,  perforated  with  holes,  each  of  which  is 
provided  with  a  kind  of  piston,  successively  plays  the  part  of  each 
successive  paper  card  in  the  usual  arrangement.  The  pistons  fill 
up  every  hole  that  is  not  required,  but  are  withdrawn  by  electro- 
motors from  those  holes  which  require  at  each  beat  of  the  loom  to 
be  kept  open.    This  ia  effected  as  follows  :-^ 

A  sort  of  metal  comb,  each  tooth  of  which  is  the  terminal  of  a  separate 
insulated  conducting  wire,  rests  on  the  prepared  pattern.  Whenever  a  tooth 
touches  the  tinfoil,  a  circuit  is  completed  through  its  conducting  wire ; 
but  where  a  tooth  rests  on  the  varnish,  the  circuit  is  broken.  Each 
conducting  wire  includes  in  its  circuit  an  electro-magnet.  The  pistons 
already  spoken  of  are  each  composed  of  a  small  soft-iron  shajik,  and  brass 
button-shaped  head,  and  are  all  held  horizontally  in  a  frame,  one  opposite 
each  electro-magnet  In  one  position  of  this  frame,  the  heads  of  these  pistons 
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project  through  the  openings  of  the  metal  card  or  perforated  plate ;  the 
diameter  of  each  pole  is  a  little  larger  than  the  head  of  the  corresponding 
piston,  each  piston  being  exactly  in  the  centre  of  its  corresponding  pole. 
In  this  same  position  all  the  soft-iron  shanks  tonch  the  poles  of  the  cor- 
responding magnets,  and  the  metal  comb  rests  on  the  prepared  pattero. 

A  certain  number  of  the  electro-magnets  corresponding  to  the  uncovered 
portions  of  the  tinfoil,  are  therefore  active  or  attract  the  shanks,  bat  the 
others  exert  no  attraction.  The  frame  with  the  pistons  is  now  pulled 
forward  away  from  the  magnets;  those  pistons  which  are  opposite  the 
active  magnets  are  held  back,  sliding  in  their  frame,  so  that  their  button- 
heads  pass  behind  the  perforated  plate ;  but  the  other  pistons  come  forward 
with  the  frame  leaving  the  magnets.  The  perforated  plate  then  drops  a 
little  way,  and  by  this  simple  contrivance  all  those  piston-heads  that  were 
in  front  of  the  plate  are  retained  there,  whatever  pressure  comes  against 
them,  for  they  are  now  excentric  from  the  poles.  The  plate  in  this  condition 
presents  a  perfect  analogy  with  the  common  prepared  card.  A  certain 
number  of  holes  corresponding  to  the  metallic  part  of  the  pattern  are 
vacant,  the  rest  of  the  holes  are  blocked  up,  and  present  an  unbroken  surface 
by  which  the  proper  hooks  of  the  Jacquard  loom  are  acted  on  during  one 
stroke.  The  perforated  plate  is  then  brought  back  to  the  position  first 
described,  the  prepared  pattern  is  moved  on  a  little  step,  and  the  same  process 
repeated. 

When  shuttles  with  several  different  colours  are  to  be  used, 
the  pattern  is  subdivided  into  insulated  portions  corresponding  to 
the  separate  colours,  by  removing  a  very  thin  outline  of  foil  round 
each;  all  the  parts  corresponding  to  one  colour  are  afterwards 
connected. 

As  each  shuttle  is  thrown,  the  battery  is  brought  in  contact 
with  the  appropriate  series  of  insulated  patches  of  tinfoil,  producing 
a  succession  of  different  cards,  and  the  pattern  is  not  shifted  forward 
until  all  the  colours  are  exhausted.  After  the  completion  of  each 
fresh  combination  on  the  perforated  plate,  the  battery-circuit  is 
broken  by  a  proper  contact-breaker,  and  the  injurious  spark  is  thus 
avoided,  which  would  otherwise  occur  when  the  comb  is  lifted 
from  the  pattern  prior  to  a  shift. 

(255)  A  ITew  and  PowerAU  Generator  of  Dynamic  Slec- 
tricity- — ^A  paper  has  been  communicated  to  the  Royal  Society, 
by  H.  Wilde  (Proc.  Royal  Society,  No.  83,  vol.  xv.,  March  26, 
1866),  in  which  attention  is  drawn  to  some  new  and  paradoxical 
phenomena  arising  out  of  Faraday's  important  discovery  of 
magneto-electric  induction  (172),  the  close  consideration  of  which 
has  resulted  in  the  discovery  of  a  means  of  producing  dynamic 
electricity  in  quantities  unattainable  by  any  other  apparatus 
hitherto  constructed ;  an  indefinitely  small  amount  of  magnetism, 
or  of  dynamic  electricity.  Having  been  found  capable  of  inducing 
an  indefinitely  large  amount  of  magnetism— and  again,  an  indefi- 
nitely small  amount  of  dynamic  electricity,  or  of  magnetism,  being 
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capable  of  evolving  an  indefinitely  large  amount  of  dynamic  elec- 
tricity. 

The  apparatus  with  which  the  experiments  were  made  is  thus 
described : — 

A  compound  hollow  cylinder  of  brass  and  iron  was  constructed,  termed  by 
the  author  a  magnet  cylinder,  its  internal  diameter  being  i§  inch.  On  this 
cylinder  could  be  placed,  at  pleasure,  one  or  more  permanent  horseshoe 
magnets.  Each  of  these  permanent  magnets  weighed  about  i  lb.,  and  would 
sustain  a  weight  of  about  10  lbs.  An  armatpre  was  made  to  revolve  rapidly 
in  the  interior  of  the  cylinder,  in  close  proximity  to  its  sides,  but  not  touch- 
ing. Around  this  armature  133  feet  of  insulated  copper  wire,  0*03  of  an  inch 
in  diameter,  were  coiled,  and  the  free  ends  of  the  wire  were  connected  with  a 
communicator  fixed  upon  the  armature  axis  for  the  purpose  of  taking  the 
alternating  waves  of  electricity  from  the  machine  in  one  direction  only. 
The  direct  current  of  electricity  was  then  transmitted  through  the  coils  of  a 
tangent  galvanometer ;  and  as  each  additional  magnet  was  placed  upon  the 
magnet-cylinder,  it  was  found  that  the  quantity  of  electricity  generated  in 
the  coils  of  the  armature  was  very  nearly  in  direct  proportion  to  the  number 
of  magnets  on  the  cylinder. 

Experiments  were  next  made  for  the  purpose  of  ascertaining 
what  relation  existed  between  the  sustaining  power  of  the  per- 
manent magnets  on  the  magnet-cylinder,  and  that  of  an  electro- 
magnet excited  by  the  electricity  derived  from  the  armature ;  and 
it  was  found  that  when  four  permanent  magnets,  capable  of 
sustaining  collectively  a  weight  of  40  lbs.,  were  placed  upon  the 
cylinder,  and  when  the  sub-magnet  was  placed  in  contact  with 
the  poles  of  the  electro-magnet  a  weight  of  178  lbs.  was  required 
to  separate.  With  a  larger  electro-magnet,  a  weight  of  not  less 
than  1080  lbs.  was  required  to  overcome  the  attractive  force  of  the 
electro-magnet,  or  twenty-seven  times  the  weight,  which  the  four 
permanent  magnets  used  in  exciting  it,  were  collectively  able  to 
sustain.  It  was  further  found  that  this  great  difference  between 
the  power  of  a  permanent  magnet  and  that  of  an  electro-magnet 
excited  through  its  agency  might  be  indefinitely  increased. 

An  electro-magnet  would  appear  from  the  experiments  of  Wilde 
to  possess  the  power  of  accumulating  and  retaining  a  charge  of 
electricity  in  a  manner  analogous  to,  but  not  identical  with,  that 
in  which  it  is  retained  in  insulated  submarine  cables,  and  in  the 
Ley  den  jar.  Thus  when  the  wires  forming  the  polar  terminals  of 
the  magneto-electric  machine  were  connected  for  a  short  time  with 
those  of  a  very  large  electro-magnet,  a  bright  spark  could  be 
obtained  from  the  electro-helices  twenty-five  seconds  after  all 
connection  with  the  magneto-electric  machine  had  been  broken. 
It  was  found  also  that  the  electro-helices  offered  a  temporary 
resistance  to  the  passage  of  the  current  from  the  magneto-electric 
machine.    When  four  magnets  were  placed  on  the  cylinder,  the 
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current  from  the  machine  did  not  attain  a  permanent  degree  of 
intensity  until  an  interval  of  fifteen  seconds  had  elapsed;  but 
•when  a  more  powerful  machine  was  used  for  exciting  the  electro- 
helices,  the  current  attained  a  permanent  degree  of  intensity  after 
an  interval  of  four  seconds  had  elapsed. 

The  general  conclusion  which  Wilde  draws  from  a  consideration 
of  these  remarkable  experiments  is,  that  when  an  electro-magnet 
is  excited  through  the  agency  of  a  permanent  magnet,  the  large 
amount  of  magnetism  manifested  in  the  electro-magnet  simultane- 
ously with  the  small  amount  manifested  in  the  permanent  magnet 
is  the  constant  accompaniment  of  a  correlative  amount  of  electricity 
evolved  from  the  magneto-electric  machine,  either  all  at  once,  in 
a  large  quantity,  or  by  a  continuous  succession  of  small  quantities ; 
the  power  which  the  metals  (but  more  particularly  iron)  possess 
of  accumulating  and  retaining  a  temporary  charge  of  electricity  or 
magnetism,  or  of  both  together  (according  to  the  mode  in  which 
these  forces  are  viewed  by  physicists)  giving  rise  to  the  paradoxical 
phenomena  which  form  the  subject  of  this  part  of  the  investigation. 

Having  established  the  fact  that  a  large  ^amount  of  magnetism 
can  be  developed  in  an  electro-magnet  by  means  of  a  permanent 
magnet  of  much  smaller  power,  it  occurred  to  Wilde  that  a  large 
electro-magnet,  excited  by  means  of  a  small  magneto-electric 
machine,  might  by  suitable  arrangements  be  made  instrumental 
in  evolving  a  proportionately  large  amount  of  dynamic  electricity. 
In  order  to  test  this  view,  a  machine  was  constructed  as  follows : — 

Two  magnet-cylinders  were  made  having  a  bore  of  2^  inches,  and  a  length 
of  12^  inches,  or  five  times  the  diameter  of  the  bore.  Each  cylinder  was 
fitted  with  an  armature,  round  which  was  coiled  an  insulated  strand  of 
copper  wire  67  feet  in  length,  and  0*15  of  an  inch  in  diameter.  Upon  one  of 
the  magnet-cylinders  sixteen  permanent  magnets  were  fixed,  and  to  the 
sides  of  the  other  magnet-cylinder  was  bolted  an  electro-magnet,  formed  of 
two  rectangular  pieces  of  boiler-plate  enveloped  with  coils  of  insulated 
copper  wire.  The  armatures  of  the  magneto-electric  and  electro-magnetic 
machines  were  driven  simultaneously,  at  an  equal  velocity  of  2,500  revolu- 
tions per  minute.  When  the  electricity  from  the  magneto-electric  machine 
was  transmitted  through  a  piece  of  No.  20  wire  0*04  of  an  inch  in  diameter 
a  length  of  three  inches  was  made  red-hot.  When  the  direct  current  from 
the  magneto-electric  machine  was  transmitted  through  the  coils  of  the 
electro-magnet  of  the  electro-magnetic  machine  the  electricity  from  the 
latter  melted  eight  inches  of  the  same  sized  wire,  and  a  length  of  twenty-four 
inches  was  made  red-hot. 

When  the  electro-magnet  of  a  5- inch  machine  was  excited  by  the  2^ 
magneto-electric  machine,  the  electricity  from  the  5^inch  electro- magnetic 
machine  melted  fifteen  inches  of  No.  15  iron  wire  0*075  i^(^h  in  diameter. 

Having  thus  found  that  an  increase  in  the  dimensions  of  the 
machines  was  accompanied  by  a  proportionate  increase  of  the 
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magnetic  and  electric  forces,  Mr.  Wilde  proceeded  to  construct  a 
machine,  the  magnet-cylinder  of  which  was  10  inches  in  diameter, 
the  weight  of  the  electro-magnet  was  nearly  3  tons,  and  the  total 
weight  of  the  machine  about  4^  tons.  The  machine  was  furnished 
with  two  armatures,  one  for  the  production  of  '  intensity,*  and  the 
other  for  the  production  of '  quantity*  effects. 

The  ^intensity*  armature  was  coiled  with  an  insulated  conductor 
consisting  of  a  bundle  of  thirteen  No.  11  copper  wires,  each  0*125 
inch  in  diameter.  The  coil  was  376  feet  in  length,  and  weighed 
232  lbs. 

The  'quantity'  armature  was  enveloped  with  folds  of  an  in- 
sulated copper-plate  conductor  (i'j  feet  in  length,  the  weight  of 
which  was  344  lbs.  These  armatures  were  driven  at  the  uniform 
velocity  of  1,500  revolutions  per  minute,  by  means  of  a  broad 
leather  belt  of  the  strongest  description. 

When  the  direct  current  from  the  if -inch  magneto-electric 
machine,  having  on  its  cylinder  six  permanent  magnets,  was  trans-  ' 
mitted  through  the  coils  of  the  electro-magnet  of  the  5-inqh 
electro-magnetic  machine,  and  when  the  direct  current  from  the 
latter  was  simultaneously  and  in  like  manner  transmitted  through 
the  coils  of  the  electro-magnet  of  the  lo-inch  machine,  an  amount 
of  magnetic  force  waa  developed  in  the  large  electro-magnet  far 
exceeding  anything  which  has  hitherto  been  produced,  accom- 
panied by  the  evolution  of  an  amount  of  dynamic  electricity  from 
the  quantity  armature,  so  enormous  as  to  melt  pieces  of  cylindrical 
iron  1 5  inches  in  length  andfutty  \of  an  inch  in  diameter,  and  1 5 
inc?ie8  of  copper  mre  (No.  11)  0*125  of  an  inch  in  diameter. 

When  the  'intensity*  armature  was  placed  in  the  magnet 
cylinder,  the  electricity  from  it  melted  7  feet  of  No.  1 6  iron  wire 
0*065  of  an  inch  in  diameter,  and  made  a  length  of  21  feet  of  the 
same  wire  red-hot. 

The  illuminating  power  of  the  electricity  from  the  intensity 
armature  was  of  the  most  splendid  description,  as  might  be 
expected : — 

« When  an  electric  lamp,  furnished  with  rods  of  gas-carbon  half  an  inch 
square,  was  placed  at  the  top  of  a  lofty  building,  the  light  evolved  from  it 
was  sufiScient  to  cast  the  shadows  from  the  flames  of  the  street-lamps,  a 
quarter  of  a  mile  distant,  upon  the  neighbouring  walls.  When  viewed  from 
that  distance,  the  rays  proceeding  from  the  reflector  had  all  the  rich  effulgence 
of  sunshine. 

*  A  piece  of  the  ordinary  sensitized  paper  such  as  is  used  for  photographic 
printing  when  exposed  to  the  action  of  the  light  for  twenty  seconds,  at  a 
distance  of  two  feet  from  the  reflector,  was  darkened  to  the  same  degree  as 
was  a  piece  of  the  same  sheet  of  paper  when  exposed  for  a  period  of  one 
minute  to  the  direct  rays  of  the  sun  at  noon,  on  a  very  clear  day  in  the 
month  of  March.* 
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The  extraordinary  calorific  and  illuminating  powers  of  the 
I  o-inch  machines  are  all  the  more  remarkable  from  the  fact  that 
they  hare  their  origin  in  six  small  permanent  magnets^  weighing 
only  one  pound  eachy  and  capable  at  most  of  sustaining  collectively 
a  weight  of  60  lbs. ;  while  the  electricity  of  the  magneto-electric 
machine  employed  in  exciting  the  electro-magnet  was  itself  in- 
capable of  heating  to  redness  the  shortest  length  of  iron  wire  of 
the  smallest  size  manufactured. 

The  production  of  so  large  an  amount  of  electricity  was  only 
obtained  by  a  correspondingly  large  amount  of  mechanical  force ; 
for  it  was  found  that  the  large  electro-magnet  could  be  excited  to 
such  a  degree  that  the  strong  leather  belt  was  scarcely  able  to 
drive  the  machine. 

(256)  Tbe  Quantity  of  Blectricitj'  fftven  by  Xndactioii 
acaolilnes. — A  valuable  memoir  on  this  subject  has  recently  been 
given  to  the  Royal  Society  by  the  Rev.  Dr.  Robinson  (JVoc.  Royal 
Soc,  May  31^  1866).  The  attention  of  instrument  makers  has 
hitherto  been  chiefly  directed  towards  increasing  the  length  of  the 
spark  given  by  the  indudorium  (or  induction  coil);  but  in  doing  so 
they  have  not  added  to  the  quantity  of  electricity  produced,  which 
is  the  most  important  object  for  most  of  the  practical  applications 
of  the  instrument.  In  all  ordinary  cases  a  tension  which  gives 
sparks  four  inches  long  is  quite  sufficient  This  will  be  given  by 
about  20^000  spires  \  all  beyond  this  only  adds  to  the  weighty  cost, 
and  difficulty  of  insulation. 

Dr.  Robinson  finds  that  the  quantity  of  electricity  increases  with 
the  diameter  of  the  wire  up  to  a  maximum,  which  is  attained 
when  this  is  about  the  sixty-fifth  of  an  inch.  Helices  may  be 
combined  either  for  tension  or  for  quantity  without  much  loss  of 
their  respective  powers.  When  arranged  for  tension  they  should  be 
combined  in  series,  and  in  this  way  sparks  may  be  obtained  of  a 
length  only  limited  by  the  strength  of  the  insulator.  When  arranged 
for  quantity  they  must  be  set  collaterally,  ».  e,  all  tkeir  positive 
terminals  connected  and  all  their  negatives:  the  resulting  cur- 
rent will  be  the  sum  of  the  separate  ones,  without  however  any 
increase  in  tension.  In  this  way  several  inductoria  may  be 
combined  like  voltaic  batteries,  and  an  amount  of  electric  power 
obtained  which  has  not  yet  been  approached  by  those  instruments, 
and  which  may  be  expected  to  prove  a  powerful  means  of  research. 

When  ten  or  twelve  inductoria  are  combined  there  should  be  a 
separate  battery  for  each,  the  negative  poles  of  the  batteries  being 
connected  with  the  mercury  of  the  rheotome  or  contact  breaker ; 
if  the  mercury  be  made  positive  an  explosion  takes  place  at  each 
discharge,  scattering  about  the  mercury  and  the  alcohol  with 
which  it  is  covered. 
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Peltier's  electrometer,  76 

Thomson's  divided  ring  electro- 
meter, 76 

common  house  electrometer, 

76 

portable  electrometer,  77 

simple  apparatus  for  observ- 
ing, 77 

action  of,  on  the  wires  of  the 

electric  telegraph,  103 

—  dissimulated,  54 

—  dynamic  new  and.  powerful  gene- 
rator 0^  600 

—  frictional,  physiological  effects  of,63 
•—  —  chemical  effects  of,  64 

—  —  —  —  —  researches  of  Faraday, 


Electricity,  frictional,  magnetic  effects 
of,  66 

fundamental  phenomena  of,  1 

illustrations  of  the  primary  phe- 
nomena of,  2 

opposite,  8 

vitreous  or  positive,  3 

resinous  or  negative,  4 

one   kind  cannot  be  produced 

without  the  other,  4 

—  magneto,  297 

—  miscellaneous  practical  applications 
of,  477 

—  penetration  of,  into  dielectrics,  438 

—  of  plants,  164 

—  resistance  to  the  transmission  of, 
by  conductors,  53 

—  velocity  of,  61 

measurement  by  Wheatstone, 

62 

Walker,  62 

O'Mitchell,  62 

Fizean   and     (Jonelle, 

63 
the     astronomers     of 

Greenwich  and  Brussels,  63 
the     astronomers     of 

Greenwich  and  Edinburgh,  63 

—  resides  on  the  surface  of  electrified 
bodies,  16 

—  absolute  charge  of  one  kind  cannot 
be  given  to  a  body,  18 

—  distribution  of,  on  the  surfaces  of 
electrified  bodies,  18 

Electricus  Silurus,  the,  164 

Electrified  bodies,  action  o^  on  neutral 
conducting  bodies  at  a  distance, 
10 

Electrode,  water  as  an,  208 

Electro-chemical  classification  of  ele- 
ments, 211 

—  action  definite,  211 
Electro-magnetism,  266 
Electro- magnets,  276 

—  laws  which  govern  the  forces  of, 
277 

Electro-magnetic  action,  Faraday's 
preliminary  experiments  on,  272 

—  coil  machines,  320 

—  coil  machines,  various  forms  of, 
320 
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Electro-magnetic  coil  machines,  Hen- 
ley's, 321 
RuhmkorflTs,  322 

—  engines,  279 

Jacobi's,  280 

Page's  280 

Froment's,  281 

—  force,  law  of,  257 

—  measure  absolute,  199 

—  rotations,  273 

—  semaphores,  370 
Electrometer,  Henley's  quadrant,  42 

—  Lane's  discharging,  42 

—  Cuthbertson's  balance,  43 

—  Henley's  universal,  44 

—  charging  and  discharging,  42 

—  divided  ring,  Thomson's,  464 

—  portable,  Thomson's  465 

—  Coulomb's  torsion  balance,  6 
Electrometers  for   examining   atmo- 
spheric electricity  (see  Electricity, 
atmospheric). 

Electro-metallurgy,  220 

—  single  cell  apparatus  for,  221 
Electromotive  force,  meaning  of  the 

term,  189 
Electrolysis  of  salts,  226 
Electro-physiology,  138 
Electrophorus,  its  construction,  13 

—  Phillips's  modification  of,  13 
Electro-plating,  224 
Electroscopic  apparatus,  5 
Electroscope,  Gilbert  and  Hatty's,  4 
modifications  of,  5 

—  Snow  Harris's,  5 
Electroscopes  and  electrometers,  5 

—  for  examining  atmospheric  elec- 
tricity (see  Electricity,  atmo- 
spheric). 

Electro-thermometer,  56 
Electro-reduction  of  metals,  218 
Elements,  electrical  transfer  of,  210 
Elements,  electro-chemical  classifica- 
tion of,  211 
Elias's  method  of  magnetizing  steel 

bars  by  the  voltaic  current,  115 
ElkiDgtons,    their    electro*  depositing 

works,  223 
Endosmose,  electrical,  230 
Engine,  electro-magnetic,  279 
Engraving  machine,  electric,  499 


Epinus's  method  of  making  artificial 

magnets,  114 
Explosion  of  Leyden  jars,  spontaneous, 

46 
Extra-current,  the,  316 


Faraday  on  electro- magnetic  rotation?, 
274 

—  on  terrestrial-magneto  electric  in- 
duction, 299 

—  on  the  action  of  magnetism  on  light; 
283 

—  on  places  of  no  magnetic  action, 
271 

—  on  diamagnetic  polarity,  294 

—  on  the  quantity  of  electric  force  in 
matter,  215 

—  on  definite  electro-chemical  action, 
211 

—  on  the  order  of  metals  in  relation 
to  the  magnetic  force,  291 

—  on  charging  jars  by  the  induction 
coil,  345 

—  on  the  action  of  the  magnet  on 
salts,  291 

—  on  the  general  magnetic  condition 
of  matter,  286 

—  on  the  contact  and  chemical  theories, 
162 

Faraday's  experiment  showing  chemi- 
cal decomposition  without  contact  of 
metals,  157 

—  intestigations  of  the  magnetic 
forces,  269 

—  explanation  of  Ar^o's  rotations 
300 

—  preliminary  experiments  on  electro- 
magnetic action,  272 

—  experiments  on  air  as  a  *pole,'  209 
on  the  decomposition  of  sulphate 

of  magnesia,  209 

—  voltameter,  212 

—  electrical  terms,  204 
Fishes,  electrical,  150 

Forbes,  Professor,  on  the  production  of 
a  spark  from  the  natural  magner, 
304 

Franklin,  on  lightning  conductors,  87 

Franklin's  kite  experiment,  81 

Frog,  current  proper  of,  144 
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Frog,  galvanoscopic  preparation  of,  140 
FroraeDt*8  alphabetic  telegraph,  403 
~  electro- magnetic  engine,  281 
Fuses,  mining,  Abel's,  311 
Statham*8, 313 


Galvanometer,  the,  general  principles 
of,  247 

sensibility  of,  247 

preparation  of  needles  of,  267 

asUtic,  248 

Galvanometer,  the  tangent,  251 

—  Du  Bois  Reymond's,  249 

—  Melloni's  method  of  graduating, 
260 

—  the  sine,  253 

—  the  differentia],  254 

—  the  reflecting,  254 

—  Professor  Thomson's  marine,  255 
Galvanoscopic    frog,   preparation  of, 

140 
Galvani's  celebrated  discovery,  138 

—  theory  of  animal  electricity,  139 
Garside's  electric  engraving  machine, 

499 
Gas  battery.  Grove's,  184 

experiments  with,  185 

various  forms  of,  186 

rationale  of,  186 

Gaseous  compounds,  decomposition  of, 

by  the  induced  current,  329 
Gases,  appearance  of  the  induced  spark 

in,  329 

—  diamagnetism  of,  288 

—  rarefied  appearance  of  the  induction 

spark  in,  830 
Gassiot  on  the  luminous  discharge  of 
voltaic  batteries   in  carbonic  acid 
vacua,  238 

—  his  electrical  cascade,  830 

—  his  investigations  on  the  stratifica- 
tions in  electrical  discharges,  333 

—  on  the  interruption  of  the  voltaic 
discharge  in  vacuo,  by  the  magnetic 
force,  246 

—  on  electrical  tension  without  con- 
tact, 156 

—  his  later  investigations,  242 

—  on  the  formation  of  metallochromes, 
225 


Gassiot  on  the  heat  developed  at  the 
poles  of  a  voltaic  battery,  245 

—  on  the  cause  of  stratifications  in 
electric  discharges,  340 

—  his  apparatus  for  illuminating  by 
induced  currents,  343 

Gauss  and  Weber's  electro-magnetic 
telegraph,  357 

—  his  theory  of  the  earth  circuit,  378 

—  on  the  moment  magnetism  of  the 
earth,  125 

Gavarret's  explanation  of  the  pheno  • 

mena  of  the  earth  circuit,  379 
Greenwich  Observatory,  observations 
at,  on  atmospheric  electricity,  71 

exploring  conductor  at,  71 

electrometers  u^ed  at,  72 

Grotthus's  hypothesis  of  electro-chemi- 
cal decomposition,  207 
Grove's  gas  battery,  184 

—  on  the  cause  of  stratifications  in 
electrical  discharges,  340 

—  on  stratified  electrical  discharges, 
331 

—  modification  of  Yolta's  experiment, 
156 

—  nitric  acid  simple  battery,  170 

compound  battery,  177 

Gutta-percha  and  copper,  relative  re*> 

sistances  of,  436 

—  insulating  properties  of,  436 

—  conductor  of,  431 
Gymnotus,  the,  151 

Hunter's  engraving  of,  152 

anatomy  of,  152 

—  -^  Faraday's  experiments  on,  153 
shock  from,  163 

spark  from,  153 

chemical  decomposition  by,  153 

magnetic  effects  of,  153 


Hansteen,  on  the   variation   of   the 

needle,  130 
Harday's  chronoscope,  492 
Harris's,  Sir  Wm.,  illustrations  of  the 

action  of  lightning  conductors,  88 
lightningconductorsfor  ships, 

90 
on  the  contact  and  chemical 

theories,  163 
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Harris,  Sir  Wm.  Snow,  on  the  phe- 
nomena of  lightning,  86 

—  on  the  development  of  magnetism 
by  rotation,  300 

—  on  the  laws  of  magnetic  force, 
124 

Hemming's  electric  target,  495 
Henley's  dial  telegraph,  401 

—  electro-magnetic  coil  machine,  321 

—  magnetic  telegraphs,  394 
Henry's  coils,  318 

—  on  indaction  currents  by  atmo- 
spheric electricity,  105 

—  researches  on  indaced  carrents, 
318 

Herschell  on  the  development  of  mag- 
netism by  rotation,  300 

Hipp's  telegraphic  receiving  instru- 
ment, 390 

Hofmann's  apparatus  for  passing  the 
induced  current  through  gases, 
329 

Holmes's  electric  lamp,  235 

—  magneto-electric  machine,  308 
House's  type  printing  machine,  390 
Hughes  on  the  velocity  of  the  trans- 
mission of  signals  through  subma- 
rine cables,  457 

—  his  type-printing  telegraph,  391 
Humboldt's  observations    on   atmo- 
spheric electricity,  67 

Hydro-electric  machines,  29 
Hydrogen,  electrical  spectrum  of,  341 

—  strongly  marked  diamagnetic  con- 
dition of,  289 

Hydrostatimeter,  electric,  497 


Illumination,  application  of  the  induced 

current  to,  343 
Inclination  compass,  128 
India-rubber,  insulating  power  of,  436 
Induced  electricity,  10 
distribution   ot,   in    submarine 

cables,  460 

—  current,  phenomena  of,  828 

—  currents,  arresting  power  of,  291 
Induction  coil  machine,  Ritchie's  326 

RuhmkorTs,  322 

large,  328 

Henley's,  321 


Induction  coil  machine,  Siemens 

Halske's,  328 

Ladd'8,328 

iron  wire  for  the  8econdai| 

coil  of,  328 
decomposition      of 

compounds  by,  329  . 

spark  ft-om,  in  air,  328 

in  liquids,  830 

in  rarefied  air  and  gase^ 

330 

Masson  and  Bregnet's,  322 

Hearder's,  322 

condenser  of,  324 

—  currents  produced  by  atmospheric 
electricity,  105 

by  the  discharge  of  a  Leydca 

jar,  104 

—  magnetic,  119 

illustrations  of,  120 

—  charge  in  a  cable,  laws  rei^ating 
the  quantity  of,  462 

—  by  voltaic  currents,  297 

—  terrestrial  magneto -electric,  299 

—  at  different  points  in  a  cable,  461 

—  in  telegraph  wires,  measurement  of, 
447 

—  specific,  16 

—  magneto-electric,  297 

—  Faraday's  theory  of,  14 

—  relation  of,  to  the  matter  through 
which  it  is  exerted,  15 

—  magnets,  new  phenomena  arising 
from,  500 

—  discharge  in  cables  used  to  measure 
insulations,  451 

—  an  essential  function  in  the  develop- 
ment of,  and  the  consequent  pheno- 
mena of  electricity,  10 

—  lateral,  53 

Inductive  action  of  discs,  laws  regulat- 
ing, 21 

—  capacity,  specific,  15 

—  forces,  direct  and  reflective,  Harris's 
investigation  on,  21 

Inductoria,  on  increasing  the  quantity 
of  electricity  produced  by,  604 

Insulating  properties  of  different  ma- 
terials, 436 

Insulator  of  the  submarine  cable,  435 

Iron,  passive  state  of,  178 
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Iron,  sounds  daring  the  magnetization 

and  demagnetization  of,  278 
Isodynamic  lines,  135 


Jacobi's  electro-magnetic  engine,  280 

—  on  the  laws  which  govern  the  forces 
of  electro -magnets,  277 

Jars,  Leyden,  arrangement  of,  forcon- 
tinuons  charging  and  discharging 
by  the  induced  current,  346 

arrangement  of,  for  giving  a  per- 
manent charge,  346 

Jenkin  Fleeming  on  Weber  and  Thom- 
son's absolute  electro-magnetic  mea- 
sure, 200 

his    description    of  Thomson's 

electrometer,  465 

on  detection  of  faults  in  sub- 
marine cables,  472 

on  the  velocity  of  the  transmis- 
sions of  signals  through  submarine 
cables,  457 

on  the  measurement  of  induction 

in  submarine  cables,  449 

of  insulation  in  cables, 

461 

'' of  the  resistance  of  con- 
ductors, 435 

Jones's  electric  clock,  486 


Kew  Observatory,  observations  on  at- 
mospheric electricity  at,  68 

exploring  conductor  at,  71 

Knight's  method  of  making  artificial 
magnets,  113 

Knoblauch  on  the  modification  of  mag- 
netic and  diamagnetic  action  by 
mechanical  arrangement,  292 

Krille's  chronograph,  492 


Ladd's  form  of  contact  breaker,  826 
Lamps,  electric,  234 
Lateral  discbarge,  64 

Harris's  illustrations  of,  65 

—  induction,  53 

Lead  chloride,  electro-chemical  decom  - 
position  of,  214 


Lenz  on  the  cold  produced  in  a  thermo- 
electric arrangement  of  bismuth  and 
antimony,  354 

—  on  the  laws  which  govern  the  force 
of  electro-magnets,  277 

Lesage's  electric  telegraph,  355 
Leyden     battery,     arrangement     of, 

45 
the  enormous  one  constructed  by 

Cuthbertson,  45 

—  •=—  management  of,  46 

—  jars,  charged  by  the  induction  coil, 
346 

—  phial,  discovery  of,  38 

principles  of,  39 

construction  of,  41 

Sir  Wm.    Harris's   method   of 

fitting  up,  42 

charge  and  discharge  of,  41 

the  opposite  electrical  states  of 

inner  and  outer  coating  0/,  47 

free  charge  of,  48 

charged  b}'  cascade,  48 

luminous  or  spotted,  49 

charge  of,  resides  on  the  oppo- 
site sides  of  the  glass,  49 

powerful    mechanical    heating 

and  luminous  efiects  of,  49 

deflagration  of  metals  by,  51 

equality  of  the  electricity  on  the 

inner  and  outward  surfaces  of,  51 
Light,  action  of  magnetism  on,  283 

Bottger's  apparatus  for 

illustrating,  284 

—  law  of  the  action  of  magnetism  on, 
283 

—  production  of,  by  magnetic  electri- 
city, 308 

Lightenbergh's  figures,  47 
Lightning  conductors,  87 

for  telegraph  lines,  108 

Highton's,  108 

Walker's,  108 

Breguet's,  108 

American,  109 

Franklin's  method  of  defending 

buildings  by,  87 

for  ships,  90 

. —  and  the  electric  spark,  analogy  be- 
tween, 81 

—  globular,  85 
LL 
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Lightning,  Snow  Harris's  observations 

on,  86 
—  varieties  of,  85 
Arago  on  the  phenomena  of, 

85 
Loadstone,  the  natural,  112 
Locke's  thermo-electric  pile,  351 
Log,  electric,  495 
Loom,  electric,  499 
Lottin's   general    description  of  the 

aurora,  96 
Laminoas  discharge  of  voltaic  bat- 

terles  in  carbonic  acid  vacua,  238 


Magnet,  the  native,  112 

—  the  artificial,  methods  of  making, 
113 

Knight's,  113 

Duhamel's,  113 

Mitchell's,  1 13 

Colomb's,  114 

Epinus's,  114 

by  the  voltajc  cur- 
rent, 115 
Elias's  method,  115 

—  electric  spark  from,  303 

—  action  of,  on  metals,  289 

—  natural,  electric  spark  from,  303 

—  artificial,  electric  spark  from,  304 

—  electro  spark  from,  304 

—  the  declination,  129 

—  fixed,  action  of,  on  a  moveable  con- 
ductor, 258 

—  rotation  of,  round  its  axis,  274 
Magnets,  artificial,  qualities  of  steel 

for,  121 

—  most  advantageous  form  for,  122 
Magnetic  needle,  variations  of,  in  Lon- 
don, 331 

inclination  of,  132 

change  of  the  inclination  of,  in 

London,  132 

periodic  variations  of,  132 

daily  changes  in  the  variation 

of,  132 
annual  change  in  the  variation 

of,  132 

—  bodies,  list  of,  287 

—  efiects  of  the  voltaic  current,  247 

—  combinations,  laws  of,  122 


Magnetic  batteries,  123 

—  bars,  directive  power  of,  123 

—  force,  law  of,  123 

—  action, modification  of,  by  mechani- 
cal arrangement,  292 

—  intensity,    diurnal    and   monthly 
changes  in,  135 

—  polarity,  270 

—  storms,  100, 136 

—  line  of  force,  definition  of,  300 

—  pole,  rotation  of,  round  a  conductor, 
273 

—  telegraphs,  39  ( 

—  action,  places  of  no,  271 

—  properties   of    a   voltaic    current, 
275 

—  forces,  Faraday's  investigations  of, 
269 

—  and  electric  forces,  270 

—  needle,  variation  of,  130 
— -  pole",  116 

—  curves,  117 

—  induction,  119 

—  intensity,  terrestrial,  134 

—  condition  of  matter,  286 
Magnetism,  112 

—  terrestrial,  125 

—  development  of  rotation  by,  299 

—  theories  of,  264 

—  general  principles  of,  116 

—  action  of,  on  light,  283 
Magnetization  and  demagnetization  of 

iron,  sounds  during  the,  278 
Magnecrystallic  force,  supposed,  292 
Magneto -electricity,  297 
Magneto-electric  machine,  the,  305 

Pixii's,  305 

Saxton's,  305 

Holmes's,  308 

application  of,  to  the  production 

of  light,  308 
to  the  explosion  of  mines, 

309 

to  electro-plating,  226 

to  the  production  of  gas, 

309 
Wheatstone's  exploder  for  mines, 

310 
theory  of,  316 

—  induction,  297 
terrestrial,  299 
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Magnesia  sulphate,  electro-chemical 
decomposition  of,  209 

Marcus's  thermo-electric  pile,  352 

Marine  galvanometer,  Professor  Thom- 
son's, 256 

Mariners'  compass,  127 

]i|asson  on  the  charging  of  a  condenser 
by  the  indaction  coil,  344 

Matter,  general  magnetic  condition  of, 
•286 

Mattencci's  researches  in  electro- 
physiology,  142         f  , 

—  mnscolar  pile,  142 

.  —  experiments  on  the  condactibility 
oftheeart.h,  377 

—  on  indaction  currents  by  the  dis« 
charge  of  a  Ley  den  jar,  104 

Matthiessen,  on  the  conductivity  of 

copper,  431 
on    the  resistances'  of  metals, 

192 

—  on  the  specific  resistances  of  metals 
and  alloys,  434 

—  on  the  thermo-electric  order  of 
metals,  350 

Melloni's   method   of  graduating   a 

galvanometer,  250 
Metallo-  chromes,  225 
Metals,  thermo-electric  series  of,  349 

Matthiessen  on  the,  850 

Camming  on  the,  849 

—  order  of  metals  in  relation  to  the 
magnetic  force,  291 

—  electro  reduction  of,  218 

—  specific  resistances  of,  434 

—  action  of  the  magnet  on,  289 

—  electrical  spectra  of,  342 
apparatus  for  experiment- 
ing on  the,  342 

Miller,  Professor,  on  the  electrolysis  of 

polybasic  salts.  229 
Mitchell's  method  of  making  artificial 

magnets,  113 
Moigno's  theory  of  the  earth  circuit, 

378 
Morse  printing  telegraph,  the,  381 

.^  alphabet  used  with,  381 

modification  of,  889 

view  of,  387 

Mouilleron  and  Vinay,  their  electric 

hydrostatimeter,  497 


Miiller  on  the  laws  which  govern  the 
forces  of  electro-magnets,  277 

Multiplier.  Varley's.  22 

Muscle  during  contraction,  physiolo- 
gical phenomena  of,  147 

Muscular  contraction,  production  of  an 
electric  current  by,  149 

—  electric  current,  the,  142 

—  pile,  electro-chemical  decomposition 
by,  144 


Napier,  on    the   preparation    of   ar- 

gento  and  auro-cyanide  solutions, 

224 
Navez's  chronoscope,  490 
Nerves  of  the  senses,  action  of  the 

electric  current  on  the,  148 
Nicholson  and  Carlisle,  their  discovery 

of  the  chemical  powers  of  the  voltaic 

pile,  203 
Nitrogen,  electrical  spectrum  of,  341 
Nobili  on  the  production  of  a  spark 

from  a  permanent  magnet,  303 
—  and  Melloni,  their  thermo-electric 

pile,  350 


CEpinus's  theories  of  magnetism,  264 
Oersted's  discovery   of  electro-mag- 
netism, 256 
Ohm's  law,  190 

application   of,    to    compound 

voltaic  circles,  193 
—  theory  in  relation  to  ocean  tele- 
graphy, 440 
Optic  axis  force,  supposed,  292 
Oxygen  a  magnetic  substance,  289 
Ozone,  production  of,  by  the  induction 
spark,  329 


Page's  electro- magnetic  engine,  280 
Parallelogram  or  bridge,  Wheatstone's, 

construction  of,  194 

-^  action  of,  194 

Paratonnerres,  or  lightning  conductors, 

for  the  protection  of  telegraph  lines, 

108 
Peltier's  electrometer,  74 
—  account  of  a  tornado,  93 
l2 
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Peltier  on  the  absorption  of  heat  hy 
the  passage'  of  electricity  throagh  a 
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To  he  had  of  the  Publishers  of  this  voluTne,  in  1  voL  8»o.  cloth, 
pp.  920,  price  £l  4«. 

A  MANUAL  of  ELECTRICITY;  including  Gklva- 
nism,  Magnetism,  Diamagnetism,  Electro-Djmamic«,  Magno- 
Electricity,  and  the  Electric  Telegraph.  By  Henry  M.  j 
NoAD,  Ph.D.,  F.R.S.,  Lecturer  on  Chemistry  at  St.  George's 
Hospital.  Fourth  Edition,  entirely  re-written.  Illustrated 
by  600  Woodcuts. 

'  This  publication  folly  bears  out  its  title  of  '  Manual.'  It  discusses,  in  a 
satisfactory  manner,  electricity,  frictional  and  voltaic,  thermo-electricity, 
and  electro-physiology.  To  diffuse  correct  views  of  electrical  science,  to 
make  known  the  laws  by  which  this  mysterious  force  is  r^nlated,  which 
is  the  intention  of  the  Author,  is  an  important  task.'— Athenaeum. 

'  Dr.  Noad's  Manual,  in  some  departments  of  which  he  has  had  the  counsel 
and  assistance  of  Mr.  Faraday,  Sir  William  Snow  Harris,  Professor  Tyndall, 
and  others,  giving  an  additional  sanction  and  interest  to  his  work,  is  more 
than  ever  worthy  of  being  received  with  favour  by  students  and  men  of 
science.    The  style  in  which  it  is  written  is  very  exact  and  clear.' 

LrrEKARY  Gazette. 

'  On  the  subject  of  electricity,  it  is  a  service  second  only  to  discovery, 
when  one  competent  for  the  task  undertakes  to  sift  and  reconstruct  the  old 
materials,  and  to  bring  together  and  incorporate  them  with  all  that  is 
important  in  the  new.  Such  a  service  Dr.  Noad  has  performed  in  his 
"  Manual  of  Electricity."  '—Chambers's  Journal. 

'Among  the  numerous  writers  on  the  attractive  and  fascinating  subject 
of  electricity,  the  Author  of  the  present  volume  has  occupied  our  best  atten- 
tion. It  is  worthy  of  a  place  in  the  library  of  every  public  institution,  and 
we  have  no  doubt  it  will  be  deservedly  patronised  by  tiie  scientific  com- 
munity.'—MmiNQ  JOXTRNAL. 
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